Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 07-302889 
(43)Date of publication of application : 14.11.1995 



(51)lnt.CI. 



H01L 27/12 
H01L 21/02 
H01L 21/20 
H01L 21/762 
H01L 23/12 
H01L 23/15 



(21) Application number : 07-045441 

(22) Date of filing: 06.03.1995 



(71 Applicant : CANON INC 

(72)lnventor : SAKAGUCHI KIYOBUMI 
YONEHARA TAKAO 



(30)Priority 

Priority number : 06 39389 



Priority date : 10.03.1994 Priority country : JP 



(t) 



(54) MANUFACTURE OF SEMICONDUCTOR SUBSTRATE 

(57)Abstract: 

PURPOSE: To remarkably lessen the defects in the 
single crystalline layer on an insulator by sticking a 
second substrate onto the nonporous single crystalline 
semiconductor layer made on the porous layer of a first 
substrate, and then, separating these two substrate at 
the porous layer, and then, removing the second 
substrate and the porous layer on the first substrate. 
CONSTITUTION: The surface layer of an Si single 
crystalline substrate 11 is made porous 12, and a 
nonporous single crystalline Si layer 13 is made hereon 
Next, another Si supporting substrate 14 and the single 
crystalline Si layer 13 are stuck fast to each other 
through an insulating layer 15 at high temperature, and 
then those are stuck together by anode junction, 
pressurization, or heat treatment, or these combination, 
porous Si layer 12. Furthermore, the porous Si layer 12 
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Next, the boards are separated at the 
is removed selectively. That is, the 
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single crystallized Si layer 13 in film shape is left on the insulating substrate 15+14 by etching 
only the porous Si layer 12 by electroless wet chemical etching. Alternatively, with the single 
crystalline Si layer 13 as a polishing stopper, the porous Si layer 12 is removed by selective 
polishing. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms a nonvesicular single crystal half conductor layer on said porous 
layer of the 1st base which has a porous layer, The process which sticks said nonvesicular single crystal 
half conductor layer with the 2nd base, the process which sticks and separates said constituted base in 
said porous layer, The production approach of the semi-conductor substrate characterized by having the 
process which removes the porous layer allotted on said 2nd separated base, and the process which 
removes the porous layer which constitutes said 1st separated base. 

[Claim 2] The process which forms a nonvesicular single crystal half conductor layer on said porous 
layer of the 1 st base which has a porous layer, The process which sticks said nonvesicular single crystal 
half conductor layer through the 2nd base and insulating layer, The production approach of the semi- 
conductor substrate characterized by having the process which sticks and separates said constituted base 
in said porous layer, the process which removes the porous layer allotted on said 2nd separated base, and 
the process which removes the porous layer which constitutes said 1st separated base. 
[Claim 3] Said porous layer is the production approach of claim 1 constituted using silicon, or a semi- 
conductor substrate according to claim 2. 

[Claim 4] The production approach of claim 1 which performs the process after said lamination process 
as the 1 st base which newly forms a porous layer in the base which removes the porous layer which 
constitutes said 1 st separated base, and is obtained, and has said porous layer for this in it, or a semi- 
conductor substrate according to claim 2. 

[Claim 5] Said nonvesicular single crystal half conductor layer is the production approach of claim 1 
which is Si layer, or a semi-conductor substrate given in 2. 

[Claim 6] Said nonvesicular single crystal half conductor layer is the production approach of claim 1 
which is a compound semiconductor layer, or a semi-conductor substrate given in 2. 
[Claim 7] Said 1st base is the production approach of claim 1 constituted using Si, or a semi-conductor 
substrate given in 2. 

[Claim 8] Said 2nd base is the production approach of claim 1 which is a light transmission nature base, 
or a semi-conductor substrate given in 2. 

[Claim 9] Removal of said porous layer is the production approach of claim 1 made using etching, or a 
semi-conductor substrate given in 2. 

[Claim 1 0] Removal of said porous layer is the production approach of claim 1 made by grinding 
alternatively said nonvesicular single crystal half conductor layer for said porous layer as a stopper, or a 
semi-conductor substrate given in 2. 

[Claim 11] The separation in said porous layer is the production approach of claim 1 performed by at 
least one or more approaches of pressurizing in the perpendicular direction to the lamination side of the 
stuck base, pulling in the direction perpendicular to said field, and applying-to this lamination side- 
shearing stress **, or a semi-conductor substrate given in 2. 

[Claim 12] Said insulating layer is the production approach of the semi-conductor substrate according to 
claim 2 formed at least in one side on the front face of said 2nd base on said nonvesicular single crystal 
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layer. 

[Claim 13] Said insulating layer is the thermal oxidation film and deposition Si02. The film and 
deposition Si3 N4 The production approach of the semi-conductor substrate according to claim 12 
chosen from film. 

[Claim 14] Said lamination process is the production approach of the semi-conductor substrate 
according to claim 1 or 2 performed by anode plate junction, pressurization, heat treatment, or the 
approach chosen from such combination. 

[Claim 15] Said porous layer is the production approach of the semi-conductor substrate according to 
claim 1 or 2 formed using anodization. 

[Claim 16] Said anodization is the production approach of the semi-conductor substrate according to 
claim 15 performed in HF solution. 

[Claim 17] The separation in said porous layer is the production approach of claim 1 performed by 
impressing wave energy to this porous layer, or a semi-conductor substrate given in 2. 
[Claim 1 8] The separation in said porous layer is the production approach of claim 1 performed by 
inserting the member for exfoliation from this porous layer side face, or a semi-conductor substrate 
given in 2. 

[Claim 19] The separation in said porous layer is the production approach of claim 1 performed by the 
expansion energy of the matter into which this porous layer was infiltrated, or a semi-conductor 
substrate given in 2. 

[Claim 20] The separation in said porous layer is the production approach of claim 1 performed by the 
selective etching to this porous layer of a wafer side face, or a semi-conductor substrate given in 2. 
[Claim 21] The porosity of said porous layer is the production approach of claim 1 in 10 - 80% of range, 
or a semi-conductor substrate given in 2. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the production approach of a semi-conductor substrate. 
Furthermore, it is related with the production approach of the production approach of dielectric 
separation or the single crystal semiconductor of an insulating lifter, and the single crystal compound 
semiconductor on a half-dynamic body substrate, the electron device further created by the single crystal 
half conductor layer, and the semi-conductor substrate suitable for an integrated circuit in detail. 
[0002] 

[Description of the Prior Art] Formation of the single crystal Si semi-conductor layer of an insulating 
lifter is silicon. ON It was widely known as an insulator (SOI) technique, and in the bulk Si substrate 
which produces the usual Si integrated circuit, since the device using a SOI technique has many 
dominance points which cannot reach, many researches have accomplished. That is, the possibility of 
the perfect depletion mold field-effect transistor by the formation of 6. thin film which can prevent 5. 
latch rise which 3. stray capacity 1. dielectric separation excels [ stray capacity ] in the possibility of 
high integration and 2. opposite radiation resistance easily is reduced, and can skip the possibility of 
improvement in the speed and 4. well process by using a SOI technique, and the dominance point of ** 
are acquired. 

[0003] In order to realize many advantages on a device property which was described above, it has 
inquired about the formation approach of SOI structure over the past dozens of years. These contents are 
summarized in the following reference. 

[0004] Special Issue: "Single-crystal silicon on non-single-crystal insulators" ;edited by G.W.Cullen and 
Journal of Crystal Growth and volume 63, no3, and pp429-590(1983). - in ancient times again SOS 
(silicon ON sapphire) which is made to carry out hetero epitaxy of the Si, and forms it by CVD 
(chemistry gaseous-phase method) on single crystal silicon on sapphire is known, and a success 
temporary as a SOI technique which matured most is stored. A fraction The breadth of the application is 
barred by the grid mismatching of Si layer and a substrate silicon-on-sapphire interface by the expensive 
rank of a substrate, and the delay to large-area-izing rather than mixing to a lot of crystal defects and Si 
layer of the aluminum from silicon on sapphire, and anything. The attempt in which SOI structure will 
be realized without using silicon on sapphire is performed comparatively at recent years. This attempt is 
divided roughly into the following two. 

[0005] 1 . Open an aperture for Si single crystal substrate after scaling, make Si substrate express 
partially, carry out epitaxial growth to a longitudinal direction by considering the part as seed, and it is 
Si02. Si single crystal layer is formed upwards. (In this case, Si02. It is accompanied by deposition of 
Si layer upwards) 

2. Use the Si single crystal substrate itself as a barrier layer, and it is Si02 to the lower part. It forms. 
(This approach is not accompanied by deposition of Si layer.) The device on a compound semiconductor 
has the high engine performance which is not obtained, for example, a high speed, luminescence, etc. by 
Si again. Most of these devices carries out epitaxial growth on compound semiconductor substrates, 
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such as GaAs, and current is made in it. 

[0006] However, a compound semiconductor substrate is expensive, a mechanical strength is low, and a 
large area wafer has which trouble with difficult creation. 

[0007] From such a thing, it is cheap, and a mechanical strength is also high and the attempt which 
carries out heteroepitaxial growth of the compound semiconductor on Si wafer which can produce a 
large area wafer is made. 
[0008] 

[Problem(s) to be Solved by the Invention] As a means to realize the above 1 , the approach and 
amorphous Si to which longitudinal direction epitaxial growth of the single crystal layer Si is carried out 
are directly deposited by CVD. The approach, amorphous substance which carry out solid phase 
longitudinal direction epitaxial growth by heat treatment or a polycrystal Si layer - energy beams, such 
as an electron ray and laser light, - converging -- irradiating melting recrystallization -- a single 
crystal layer — Si02 the approach of making it growing up upwards and The approach (Zone Melting 
Recrystallization) of scanning a melting field to band-like at a cylindrical heater is learned. Although 
there are merits and demerits in these approaches, respectively, it has left the great problem to the 
controllability, productivity, homogeneity, and quality, and there is nothing that was still put in practical 
use industrially. For example, in order to form a flat thin film, sacrifice oxidation is needed and the 
crystallinity of a CVD method is bad in a solid phase grown method. Moreover, by the beam annealing 
method, a problem is in the processing time by convergence beam scan, and controllabilities,. such as lap 
condition of abeam, and focus control. Among these, Zone Melting Although the Recrystallization 
method has matured most and the comparatively large-scale integrated circuit is also made as an 
experiment, remaining and creating a minority carrier device does not still have many crystal defects, 
such as a subgrain boundary, very much. 

[0009] In the approach of not using Si substrate which is the approach of the above 2 as a seed of 
epitaxial growth, four kinds of approaches as follows are mentioned. 

[001 0] 1 . Form an oxide film in Si single crystal substrate with which anisotropic etching of the slot on 
the V type was carried out to the front face, and form Si single crystal field as for which was surrounded 
by the V groove and dielectric separation was carried out by polish on the thick polycrystal Si layer from 
the rear face of Si substrate after depositing a polycrystal Si layer thickly on this oxide film degree it is 
the same as Si substrate. In this technique, although crystallinity is good, a problem is in the process 
which deposits the hundreds of microns polycrystal Si thickly, and the process which leaves only Si 
barrier layer which ground the single crystal Si substrate from the rear face, and was separated from the 
point of a controllability and productivity. 

[001 1] 2. It is Si02 by the ion implantation of oxygen in Si single crystal substrate called SIMOX 
(SIMOX:Seperation by ion implanted oxygen). It is the approach of forming a layer, and since Si 
process and adjustment are good, they are current but the technique of having matured. However, Si02 
It is oxygen ion in order to form a layer 1018 ions/cm2 Although it is necessary to also pour in the 
above, the impregnation time amount is huge, it cannot say that productivity is high and wafer cost is 
high. Furthermore, many crystal defects remain, are seen industrially and it has not resulted in sufficient 
quality which can produce a minority carrier device. 

[0012] 3. How to form SOI structure according to dielectric separation by oxidation of Porosity Si. This 
approach is the approach of carrying out dielectric separation of the N type Si island by accelerating 
oxidation, after porosity-izing only a P type Si substrate by the anodization method in HF solution so 
that an N type Si layer may be formed in a P type Si single crystal substrate front face at island shape by 
the proton ion implantation, (J.Crystal Growth besides Imai, vol 63,547) (1983), or epitaxial growth and 
patterning and Si island may be surrounded from a front face. By this approach, Si field separated is 
determined before the device process, and there is a trouble that the degree of freedom of a device 
design may be restricted. 

[0013] Moreover, apart from the formation approach of the above conventional SOI, the approach of 
using heat treatment or adhesives for another Si single crystal substrate which oxidized Si single crystal 
substrate thermally, and forming lamination and SOI structure is capturing the spotlight in recent years. 
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This approach needs to thin-film-ize the barrier layer for a device to homogeneity. That is, it is 
necessary to thin-film-ize Si single crystal substrate with a thickness of hundreds of microns less than 
[ micron order or it ]. There are two kinds of approaches in this thin film-ization as follows. 
[0014] 1. It is difficult to thin-film-ize to homogeneity in polish of the thin-film-izing 1 by the thin film- 
ized 2. selective etching by polish. Especially as for submicron thin film-ization, dispersion also 
becomes dozens of% and this equalization poses a big problem. If diameter-ization of macrostomia of a 
wafer furthermore progresses, whenever [ the / difficult ] will just increase. 
[0015] Moreover, although etching of 2 is confirmed to uniform thin-film-izing - At most 102 - ion 
implantation with the bad front-face nature after - etching whose selection ratio is not enough, since the 
epitaxial growth or heteroepitaxial growth on a high concentration B dope Si layer is used, there are 
troubles, like the crystallinity of a SOI layer is bad (C. - Harendt, et.al., and J.Elect.Mater.Vol.20,267 
(1991) --) H. Baumgart, et.al., Extended Abstract of ECS 1st International Symposium of Wafer 
Bonding pp-733 (1991), C. E.Hunt, Extended Abstract ofECS 1st International Symposium of Wafer 
Bonding, pp-696 (1991). 

[0016] Furthermore the semi-conductor substrate using lamination surely needs two wafers, and among 
those, most will almost be vainly removed by polish, etching, etc., and one sheet will be thrown away, 
and will waste the resource of the limited earth. 

[0017] Therefore, in SOI by lamination, many troubles exist in the controllability and a homogeneous 
pan by the present approach at economical efficiency. 

[001 8] Moreover, on the light transmission nature substrate represented by glass, generally, from the 
disorderly nature of the crystal structure, reflecting the disorderly nature of a substrate, the deposited 
thin film Si layer is not good, and turns into only a polycrystal layer in an amorphous substance, and a 
highly efficient device cannot be produced. It gets down from it according to the crystal structure of a 
substrate being amorphous, and even if it deposits Si layer, a good single crystal layer is not only 
obtained. 

[0019] By the way, a light transmission nature substrate constitutes the contact sensor and projection 
mold liquid crystal image display device which are an optical photo detector, and also is important, and 
the pixel (picture element) of a sensor or a display - more - much more — densification and high- 
resolution-izing ~ in order to carry out high elaboration, a highly efficient driver element is needed. 
Consequently, it is necessary to be produced using the single crystal layer which has the crystallinity 
which was excellent also as a component prepared on the light transmission nature substrate. 
[0020] Therefore, it is difficult to produce the crystal structure with many the defect, therefore the driver 
element which had sufficient engine performance to be required from now on or it was required in 
amorphous Si or Polycrystal Si. 

[0021] As stated in the top, the substrate of a compound semiconductor is indispensable to device 
production of a compound semiconductor. However, the substrate of a compound semiconductor is 
expensive and, moreover, large-area-izing is very difficult for it. 

[0022] Furthermore, although to carry out epitaxial growth of the compound semiconductors, such as 
GaAs, on Si substrate is tried, it is very difficult for the growth film to have bad crystallinity and to 
apply to a device by the difference in a lattice constant or a coefficient of thermal expansion. 
[0023] Moreover, although to carry out epitaxial growth of the compound semiconductor on Porosity Si 
is tried in order to ease the misfit of a grid, the stability as a substrate under production or after 
producing, and dependability are missing in a device with the lowness of the thermal stability of 
Porosity Si, aging, etc. 

[0024] Meanwhile, Takao Yonehara who is the artificer of this invention proposed the manufacture 
approach of the new semi-conductor member previously indicated by JP,5-21338,A in view of the 
technical-problem point mentioned above. 

[0025] The approach indicated by the official report concerned is a thing as follows. That is, after it 
forms the member which allotted the nonvesicular single crystal semiconductor region on a porosity 
single crystal semiconductor region and a front face sticks the front face of the member which consisted 
of insulating matter on the front face of said nonvesicular single crystal semiconductor region, it is the 
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manufacture approach of the semi-conductor member characterized by removing said porosity single 
crystal semiconductor region by etching. 

[0026] The approach concerned can solve the technical problem mentioned above, and is excellent. 
However, if the approach indicated by the official report concerned is developed further and 
improvement in the productivity of a semi-conductor substrate and low cost-ization can be attained 
further, the contribution to the industry concerning the technical field concerned will become very big. 
[0027] [Purpose of invention] this invention aims at offering the production approach of a semi- 
conductor substrate of having improved further the approach indicated by the above-mentioned official 
report. 

[0028] another purpose of this invention — economical efficiency — excelling — a large area — crossing - 
- homogeneity — it leaves the semi-conductor layer or compound semiconductor barrier layer formed in 
the front face using the flat single crystal substrate which has the extremely excellent crystallinity, this 
from the one side to barrier layer is removed, and it is in offering the production approach of a semi- 
conductor substrate of obtaining few remarkable single crystal layers or compound semiconductor 
crystal layer of a defect to an insulating lifter. 

[0029] Still more nearly another purpose of this invention is to propose the production approach of the 
semi-conductor substrate which stood high in the field of productivity, homogeneity, a controllability, 
and cost on the transparence substrate (light transmission nature substrate) when crystallinity obtained Si 
which was excellent just like the single crystal wafer, or a compound semiconductor single crystal layer. 

[0030] Also in case still more nearly another purpose of this invention produces the large-scale 
integrated circuit of SOI structure, it is to propose the production approach of expensive SOS and the 
alternative ************** su b s trate of SIMOX. 
[0031] 

[Means for Solving the Problem] The production approach of the semi-conductor substrate of this 
invention is the thing of a configuration of lower- **(ing). 

[0032] Namely, the 1st mode of the production approach of the semi-conductor substrate of this 
invention The process which forms a nonvesicular single crystal half conductor layer on said porous 
layer of the 1st base which has a porous layer, The process which sticks said nonvesicular single crystal 
half conductor layer with the 2nd base, the process which sticks and separates said constituted base in 
said porous layer, It is characterized by having the process which removes the porous layer allotted on 
said 2nd separated base, and the process which removes the porous layer which constitutes said 1st 
separated base. 

[0033] The process which forms a nonvesicular single crystal half conductor layer on said porous layer 
of the 1st base with which the 2nd mode of this invention has a porous layer, The process which sticks 
said nonvesicular single crystal half conductor layer through the 2nd base and insulating layer, It is 
characterized by having the process which sticks and separates said constituted base in said porous layer, 
the process which removes the porous layer allotted on said 2nd separated base, and the process which 
removes the porous layer which constitutes said 1st separated base. 
[0034] 

[Function] In this invention, it sticks, the constituted base is separated by the porous layer, and the semi- 
conductor base with which the quality nonvesicular single crystal half conductor layer was allotted can 
be formed by removing the porous layer on the 2nd base to which the nonvesicular single crystal half 
conductor layer was allotted. In addition, it can stick, the constituted base can be separated by the porous 
layer, and the 1 st base from which the porous layer was removed can be reused to semi-conductor base 
production by removing the porous layer which constitutes the 1st base. Thereby, improvement in the 
productivity of a semi-conductor base and low cost-ization can be attained further. 
[0035] According to this invention, the production approach of the semi-conductor substrate which 
stood high in the field of productivity, homogeneity, a controllability, and cost on substrates including a 
transparence substrate (light transmission nature substrate) when crystallinity obtained a single crystal 
layer or compound semiconductor single crystal layers, such as Si which was excellent just like the 
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single crystal wafer, can be proposed. 

[0036] Moreover, according to this invention, also in case the large-scale integrated circuit of SOI 
structure is produced, the production approach of expensive SOS and the alternative ************** 
substrate of SIMOX can be proposed. 

[0037] In this invention, a base is separable into two or more through a porous layer, and after one base 
after separation removes residual porosity, it is usable as a semi-conductor substrate, and after removing 
residual porosity, it is applicable [ the base of another side ] to production of a semi-conductor substrate 
again. 

[0038] In this invention, a porous layer and a nonvesicular single crystal layer are formed in both sides 
of a base, and after sticking another base of two sheets so that this single crystal layer may be pinched, 
two semi-conductor substrates are producible to coincidence by separating a base by said porous layer. 
[0039] The production approach of the semi-conductor substrate of this invention is mentioned as an 
example, and silicon is explained below at a detail. 

[0040] Although the mechanical strength of Porosity Si changes with porosit(ies), it is thought that it is 
weaker enough than bulk Si. For example, as long as porosity is 50%, a mechanical strength may 
consider the one half of bulk. That is, it compresses into a lamination wafer, and when it pulls or 
shearing force is applied, a porosity Si layer will be destroyed first. Moreover, if porosity is made to 
increase, a porous layer can be destroyed by the weaker force. 

[0041] Si substrate can be made to porosity-ize by the anodization method which used HF solution. This 
porosity Si layer is consistency 2.33 g/cm3 of a single crystal Si. That consistency can be changed to the 
range of LI - 0.6 g/cm3 by comparing and changing HF solution concentration to 50 - 20%. This porous 
layer is not formed in an N type Si layer of the following reason, but is formed only in a P type Si 
substrate of it. According to observation according [ this porosity Si layer ] to a transmission electron 
microscope, the hole of a diameter with an average of about 600A is formed. 
[0042] Porosity Si was discovered by Uhlir etc. in the research process of electrolytic polishing of a 
semi-conductor in 1956 (A. Uhlir, Bell Syst.TechJ., vol.35,333 (1956)). 

[0043] Moreover, Unagami etc. studied the lytic reaction of Si in anodization, an electron hole is 
required for the anodic reaction of Si in HF solution, and the reaction has reported that it is as follows 
(T. Unagami, J.EIectrochem.Soc, vol. 127,476 (1980)). 

[0044] Si+2HF+(2-n) e+->SiF2+2H++ne-SiF2+2 HF->SiF4+H2SiF4+2 HF->H2 SiF6 or Si+4HF+(4- 
lambda) e+->SiF4+4H++lambdae-SiF4+2 HF->H2 SiF6 - here - e+ And e- The electron hole and the 
electron are expressed, respectively. Moreover, n and lambda are the number of electron holes required 
in order that a Sil atom may dissolve, respectively, and when n> 2 or the conditions which become 
lambda>4 are fulfilled, they suppose that Porosity Si is formed. 

[0045] Although P type Si in which an electron hole exists is porosity-ized from the above thing, N type 
Si is not porosity-ized. The selectivity in this porosity-izing is proved [ Imai /, such as Nagano, ] (KImai, 
Solid-State Electronics, vol. 24,159 (1981)). (Nagano, Nakajima, Yasuno, Onaka, Kajiwara, the Institute 
of Electronics and Communication Engineers technical research report, vol.79, SSD 79-9549 (1979)) 
[0046] However, it is important to choose the substrate which a report that it is porosity-ized also has if 
it is high concentration N type Si (R. P.Holmstrom and J.Y.Chi, Appl.Phys.Lett., vol.42,386 (1983)), 
and is not scrupulous according to P type and N type, and can realize porosity-ization. 
[0047] According to observation by the transmission electron microscope, although the hole of a 
diameter with an average of about 600A is formed and the consistency becomes below one half 
compared with a single crystal Si, single crystal nature is maintained by the porosity Si layer, and it is 
also possible in it to carry out epitaxial growth of the single crystal Si layer to the upper part of a porous 
layer. However, above 1000 degrees C, the rearrangement of an internal hole happens and the property 
of accelerating etching is spoiled. For this reason, low-temperature growth of molecular-beam epitaxial 
growth, plasma CVD, a reduced pressure CVD method, Light CVD, a bias sputtering technique, a liquid 
phase grown method, etc. is made suitable at the epitaxial growth of Si layer. 
[0048] Moreover, since a lot of [ a porous layer ] openings to the interior are formed, a consistency 
decreases below in one half. Consequently, since surface area increases by leaps and bounds compared 
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with the volume, compared with the etch rate of the usual single crystal layer, it accelerates the chemical 
etching rate remarkably. 

[0049] As shown in [example 1 of embodiment] drawing 1 (a), 1st Si single crystal substrate 1 1 is 
prepared first, the surface layer is carried out porosity-ized 12, and the nonvesicular single crystal Si 
layer 13 is formed on porosity Si 12 ( drawing 1 (b)). 

[0050] Next, as shown in drawing 1 (c), after sticking another Si support substrate 14 and single crystal 
Si layer 13 at a room temperature through an insulating layer 15, it sticks with anode plate junction, 
pressurization, heat treatments, or such combination. This combines firmly Si support substrate 14 and 
the single crystal layer 13 through an insulating layer 15. Or it forms an insulating layer 15 at least in 
one side on a single crystal Si layer and Si support substrate 14, it is stuck by the three-sheet pile on both 
sides of insulating sheet metal. 

[0051] Next, a substrate is separated in the porosity Si layer 12 ( drawing 1 (d)). Si support substrate 
side serves as structure like the 15/Si support substrate 14 of 13/insulating layers of porosity Sil2/single 
crystal Si layers. 

[0052] Furthermore, porosity Si 12 is removed alternatively. The fluoric acid which is the etching 
reagent of usual Si, or the selection etching reagent of Porosity Si, To fluoric acid, or alcohol and mixed 
liquor of hydrogen peroxide solution which added either at least, Or at least one kind of the mixed liquor 
of alcohol and hydrogen peroxide solution which added either at least is used for buffered fluoric acid or 
buffered fluoric acid. Non-electrolyzed wet chemical etching of the porosity Si 12 is carried out, and on 
insulating substrate 15+14, the thin-film-ized single crystal Si layer 13 is made to remain, and it forms. 
As the detailed explanation was carried out [ above-mentioned ], it is possible for the etching reagent of 
usual Si to also etch Porosity Si alternatively with the huge surface area of Porosity Si. 
[0053] Or porosity Si 12 is removed by selection polish by using the single crystal Si layer 13 as a 
polish stopper. 

[0054] The semi-conductor substrate obtained by this invention is shown in drawing 1 (e). The semi- 
conductor substrate which lamination is carried out evenly [ the single crystal Si layer 13 ] to 
homogeneity, and is formed throughout a wafer on insulating substrate 15 +14 at a large area and which 
was obtained in this way can be suitably used, even if it sees from the point of electronic device 
production by which insulating separation was carried out. 

[0055] 1st Si single crystal substrate 1 1 removes the residual porosity Si, and when ruined so that 
surface surface smoothness is nonpermissible, after it performs surface flattening, it is again used for it 
as 1st Si single crystal substrate 11. 

[0056] The approach of pressurizing from the both sides of the base stuck as an approach of separating 
two bases in a porosity Si layer in this invention, and crushing a porous layer, and each base are 
lengthened on both sides, and the approach of separating both, the method of inserting a fixture to a 
porous layer, the method of applying the force in the direction parallel to the front face of the stuck base, 
the method of adding supersonic vibration to a porous layer, etc. can be adopted. 
[0057] In this invention, generally the porosity (porosity) of the porosity Si layer suitable for separation 
is 1 0 - 80% of range, and is 20 - 60% of range more preferably. 

[0058] As shown in [example 2 of embodiment] drawing 2 (a), 1st Si single crystal substrate 21 is 
prepared first, the surface layer is carried out porosity-ized 22, and the nonvesicular single crystal Si 
layer 23 is formed on porosity Si 22 ( drawing 2 (b)). 

[0059] Next, as shown in drawing 2 (c), after sticking the light transmission nature support substrate 24 
and the single crystal Si layer 23 which are represented by a quartz and glass at a room temperature 
through an insulating layer 25, it sticks with anode plate junction, pressurization, heat treatments, or 
such combination. This combines firmly the light transmission nature support substrate 24 and the single 
crystal layer 23 through an insulating layer 25. Or it forms an insulating layer 25 at least in one side on a 
single crystal Si layer and the light transmission nature support substrate 24, it is stuck by the three-sheet 
pile on both sides of insulating sheet metal. 

[0060] Next, a substrate is divided in the porosity Si layer 23 ( drawing 2 (d)). A light transmission 
nature support substrate side serves as structure like the 25/light transmission nature support substrate 24 
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of 23/insulating layers of porosity Si22/single crystal Si layers. 

[0061] Furthermore, porosity Si 22 is removed alternatively. The fluoric acid which is the etching 
reagent of usual Si, or the selection etching reagent of Porosity Si, To fluoric acid, or alcohol and mixed 
liquor of hydrogen peroxide solution which added either at least, Or at least one kind of the mixed liquor 
of alcohol and hydrogen peroxide solution which added either at least is used for buffered fluoric acid or 
buffered fluoric acid. Non-electrolyzed wet chemical etching of the porosity Si 22 is carried out, and on 
light transmission nature insulation substrate 25 +24, the thin-film-ized single crystal Si layer 23 is made 
to remain, and it forms. As the detailed explanation was carried out [ above-mentioned ], it is possible 
for the etching reagent of usual Si to also etch Porosity Si alternatively with the huge surface area of 
Porosity Si. 

[0062] Or porosity Si 22 is removed by sorting polish by using the single crystal Si layer 23 as a polish 
stopper. 

[0063] The semi-conductor substrate obtained by this invention is shown in drawing 2 (e). On light 
transmission nature insulation base 25 +24, evenly, lamination of the single crystal Si layer 23 is carried 
out to homogeneity, and it is formed throughout a wafer at a large area. In this way, the obtained semi- 
conductor substrate can be suitably used, even if it sees from the point of electronic device production 
by which insulating separation was carried out. 
[0064] There may not be the insulating mediation layer 25. 

[0065] 1st Si single crystal substrate 21 removes the residual porosity Si, and when ruined so that 
surface surface smoothness is nonpermissible, after it performs surface flattening, it can be again used 
for it as 1st Si single crystal substrate 21. 

[0066] As shown in [example 3 of embodiment] drawing 3 (a), 1st Si single crystal substrate 31 is 
prepared first, the surface layer is carried out porosity-ized 32, and the nonvesicular single crystal 
compound semiconductor layer 33 is formed on porosity Si 32 ( drawing 3 (b)). 
[0067] Next, as shown in drawing 3 (c), after sticking another Si support substrate 34 and single crystal 
compound semiconductor layer 33 at a room temperature through an insulating layer 35, it sticks with 
anode plate junction, pressurization, heat treatments, or such combination. This combines firmly Si 
support substrate 34 and the single crystal layer 33 through an insulating layer 35. Three insulating 
layers 35 are stuck in piles on both sides of insulating sheet metal, or it forms at least in one side on a 
single crystal compound semiconductor layer and Si support substrate 34. 

[0068] Next, a substrate is divided in the porosity Si layer 32 ( drawing 3 (d)). Si support substrate side 
serves as structure like the 35/Si support substrate 34 of 33/insulating layers of porosity Si32/single 
crystal compound semiconductor layers. 

[0069] Furthermore, porosity Si 32 is removed alternatively. Chemical etching of the porosity Si 32 is 
carried out using an etching reagent with the early etch rate of Si to a compound semiconductor, and on 
insulating substrate 35 +34, the thin-film-ized single crystal compound semiconductor layer 33 is made 
to remain, and it forms. 

[0070] Or porosity Si 32 is removed by selection polish by using the single crystal compound 
semiconductor layer 33 as a polish stopper. 

[0071] The semi-conductor substrate obtained by this invention is shown in drawing 3 (e). On insulating 
substrate 35 +34, evenly, lamination of the single crystal compound semiconductor layer 33 is carried 
out to homogeneity, and it is formed throughout a wafer at a large area. In this way, the obtained semi- 
conductor substrate can be suitably used, even if it sees as a compound semiconductor substrate from the 
point of electronic device production by which insulating separation was carried out further. 
[0072] When using as a compound semiconductor substrate, there may not be an insulating layer 35. 
[0073] 1st Si single crystal substrate 31 removes the residual porosity Si, and when ruined so that 
surface surface smoothness is nonpermissible, after it performs surface flattening, it can be again used 
for it as 1st Si single crystal substrate 31. 

[0074] As shown in [example 4 of embodiment] drawing 4 (a), 1st Si single crystal substrate 41 is 
prepared first, the surface layer is carried out porosity-ized 42, and the nonvesicular single crystal 
compound semiconductor layer 43 is formed on porosity Si 42 ( drawing 4 (b)). 
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[0075] Next, as shown in drawing 4 (c), after sticking the light transmission nature support substrate 44 
and the single crystal compound semiconductor layer 43 which are represented by a quartz and glass at a 
room temperature through an insulating layer 45, it sticks with anode plate junction, pressurization, heat 
treatments, or such combination. This combines firmly the light transmission nature support substrate 44 
and the single crystal layer 43 through an insulating layer 45. Or it forms an insulating layer 45 at least 
in one side on a single crystal compound semiconductor layer and the light transmission nature support 
substrate 44, it is stuck by the three-sheet pile on both sides of insulating sheet metal. 
[0076] Next, a substrate is divided in the porosity Si layer 43 ( drawing 4 (d)). A light transmission 
nature support substrate side serves as structure like the 45/light transmission nature support substrate 44 
of 43/insulating layers of porosity Si42/single crystal compound semiconductor layers. 
[0077] Furthermore, porosity Si 42 is removed alternatively. Chemical etching of the porosity Si 42 is 
carried out using an etching reagent with the quick etch rate of Si to a compound semiconductor, and on 
insulating substrate 45 +44, the thin-film-ized single crystal compound semiconductor layer 43 is made 
to remain, and it forms. 

[0078] Or porosity Si 42 is removed by selection polish by using the single crystal compound 
semiconductor layer 43 as a polish stopper. 

[0079] The semi-conductor substrate obtained by this invention is shown in drawing 4 (e). On light 
transmission nature insulation substrate 45 +44, evenly, lamination of the single crystal compound 
semiconductor layer 43 is carried out to homogeneity, and it is formed throughout a wafer at a large 
area. In this way, the obtained semi-conductor substrate can be suitably used, even if it sees from the 
point of electronic device production by which insulating separation was carried out. 
[0080] There may not be the insulating mediation layer 45. 

[0081] 1st Si single crystal substrate 41 removes the residual porosity Si, and when ruined so that 
surface surface smoothness is nonpermissible, after it performs surface flattening, it can be again used 
for it as 1st Si single crystal substrate 41. 

[0082] it is shown in [example 5 of embodiment] drawing 5 (a) - as - first - 1st Si single crystal 
substrate 51 - preparing - the surface layer of the both sides - the porosity-izing 52 - 53 are taken and 
the nonvesicular single crystal half conductor layers 54 and 55 are formed on the double-sided porosity 
Si 52 and 53 ( drawing 5 (b)). 

[0083] Next, as shown in drawing 5 (c), after sticking two support substrates 56 and 57 and the single 
crystal half conductor layers 54 and 55 at a room temperature through insulating layers 58 and 59, 
respectively, it sticks with anode plate junction, pressurization, heat treatments, or such combination. 
This combines firmly the support substrates 56 and 57 and the single crystal layers 54 and 55 through 
insulating layers 58 and 59. Or it forms insulating layers 58 and 59 at least in one side on the support 
substrate 56 and 67 on the single crystal half conductor layer 54 and 55, they are stuck by the five-sheet 
pile on both sides of insulating sheet metal. 

[0084] Next, a substrate is trichotomized in both the porosity Si layers 52 and 53 ( d rawing 5 (d)). Two 
support substrates serve as structure like porosity Si / single crystal half conductor layer / insulating 
layer / support substrate (52/54/58/56, and 53/55/59/57). 

[0085] Furthermore, both the porosity 52 and Si 53 is removed alternatively. Chemical etching of the 
porosity 52 and Si 53 is carried out alternatively, and on the support substrates 58/56, and 59/57, the 
thin-film-ized single crystal half conductor layers 54 and 55 are made to remain, and it forms. 
[0086] Or porosity 52 and Si 53 is removed by selection and polish by using the single crystal half 
conductor layers 54 and 55 as a polish stopper. 

[0087] The semi-conductor substrate obtained by this invention is shown in drawing 5 (e). On a support 
substrate, evenly, lamination of the single crystal compound semiconductor layer is carried out to 
homogeneity, and it is formed throughout a wafer at two-body coincidence at a large area. In this way, 
the obtained semi-conductor substrate can be suitably used, even if it sees from the point of electronic 
device production by which insulating separation was carried out. 
[0088] There may not be the insulating mediation layers 58 and 59. 
[0089] The support substrates 56 and 57 may not be the same. 
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[0090] 1st Si single crystal substrate 51 removes the residual porosity Si, and when ruined so that 

surface surface smoothness is nonpermissible, after it performs surface flattening, it can be again used 

for it as 1st Si single crystal 51 . 

[0091] 

[Example] 

(Example 1) Anodization was performed for the 1st single crystal (100) Si substrate of the diameter of 6 
inch of the P type with the thickness of 625 micrometers of specific resistance 0.01 ohm-cm into HF 
solution. 

[0092] The anodization conditions were as follows. 
[0093] Current density: 5 (mA-cm -2) 

anodization solution: - HF:H2 0:C2 H5 OH=l:l:l hour: « 12 (minute) 
Thickness of Porosity Si: 10 (micrometer) 
Porosity: 15(%) 

This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The 
wall of the hole of Porosity Si was covered with this oxidation by the thermal oxidation film. Porosity Si 
top ~ CVD (ChemicalVapor Deposition) ~ 1 micrometer grew the single crystal Si epitaxially by law. 
The growth conditions are as follows. 

[0094] source gas: - SiH2 C12 / H2 quantity-of-gas-flow: - 0.5/180 1/min gas pressure: - 80Torr 
temperature: - 950-degree-C growth rate: - it formed lOOnm SiO two-layer in this epitaxial Si layer 
front face by thermal oxidation at the 0.3 micrometer/min pan. 

[0095] This Si02 500nm Si02 prepared apart from the layer front face Superposition and after making it 
contact, heat treatment of 900 degrees C - 2 hours was carried out for the front face of Si substrate in 
which the layer was formed, and lamination was performed. 

[0096] When sufficient hauling force for homogeneity was perpendicularly applied to the field of the 
stuck wafer, the porosity Si layer broke, the wafer was halved and Porosity Si expressed it. Adhesives 
were used, the plate was specifically pasted up on both sides of the stuck wafer, and after arranging this 
plate on the fixture made to move in the direction which pulls apart this plate of each other, it was pulled 
apart in two. 

[0097] Then, selective etching was carried out, agitating a porosity Si layer 49% with the mixed liquor 
(1 :5) of fluoric acid and 30% hydrogen peroxide solution. The single crystal Si remained without being 
etched, as an ingredient of a dirty stop, selective etching of the porosity Si was carried out, and the 
single crystal Si was removed completely. 

[0098] The etch rate to this etching reagent of a nonvesicular Si single crystal is very low, the selection 
ratio with the etch rate of a porous layer amounts to the fifth power or more of 10, and the amount of 
etching in a nonvesicular layer (about dozens of A) is thickness reduction which can be disregarded 
practically. 

[0099] That is, the single crystal Si layer which had the thickness of 1 micrometer on Si oxide film has 
been formed. It was changeless in a single crystal Si layer in any way also by the selective etching of 
Porosity Si. 

[0100] As a result of the cross-section observation by the transmission electron microscope, a new 
crystal defect was not introduced into Si layer, but it was checked that good crystallinity is maintained. 
[0101] In this way, the SOI substrate which has a quality semi-conductor layer was obtained. 
Furthermore, after the same etching removed the porous layer which remains in Si substrate of another 
side separated bordering on the porosity Si layer, polishing of the front face was carried out. In this way, 
the SOI substrate plurality which has a quality semi-conductor layer was obtained by repeating an 
above-mentioned process using obtained Si substrate. 

[0102] (Example 2) Anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 4 inch of the P type with the thickness of 525 micrometers of specific resistance 0.01 ohm- 
cm into HF solution. 

[0103] The anodization conditions were as follows. 
[0104] Current density: 7 (mA-cm -2) 
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anodization solution: - HF:H2 0:C2 H5 OH=l:l:l hour: - 12 (minute) 
Thickness of Porosity Si: 10 (micrometer) 
Porosity: 15(%) 

This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 2 hours. The 
wall of the hole of Porosity Si was covered with this oxidation by the thermal oxidation film. Porosity Si 
top — MBE (Molecular Beam Epitaxy) - 0.5 micrometers grew the single crystal Si epitaxially by law. 
The growth conditions are as follows. 

[0105] temperature: 700-degree-C pressure: - lxlO-9Torr growth rate: - 0.1 nm/sec temperature: - 
950-degree-C growth rate: it formed lOOnm SiO two-layer in this epitaxial Si layer front face by 
thermal oxidation at the 0.3 micrometer/min pan. 

[0106] This Si02 Superposition and after making it contact, heat treatment of 400 degrees C - 2 hours 
was carried out for the layer front face and the front face of the fused-quartz substrate prepared 
independently, and lamination was performed. 

[0107] When sufficient pressure for homogeneity was perpendicularly applied to the field of the stuck 
wafer, the porosity Si layer broke, the wafer was halved and Porosity Si expressed it. Adhesives were 
used, the plate was specifically pasted up on both sides of the stuck wafer, and after arranging this plate 
on the fixture which stated this plate in the example 1 , Si layer was destroyed by applying a pressure to 
this plate. 

[0108] Then, selective etching is carried out, agitating a porosity Si layer with the mixed liquor (1 :5) of 
buffered fluoric acid and 30% hydrogen peroxide solution. The single crystal Si remained without being 
etched, as an ingredient of a dirty stop, selective etching of the porosity Si was carried out, and the 
single crystal Si was removed completely. 

[0109] The etch rate to this etching reagent of a nonvesicular Si single crystal is very low, the selection 
ratio with the etch rate of a porous layer amounts to the fifth power or more of 1 0, and the amount of 
etching in a nonvesicular layer (about dozens of A) is thickness reduction which can be disregarded 
practically. 

[0110] That is, the single crystal Si layer which had the thickness of 0.5 micrometers on the fused-quartz 
substrate has been formed. It was changeless in a single crystal Si layer in any way also by the selective 
etching of Porosity Si. 

[01 1 1 ] As a result of the cross-section observation by the transmission electron microscope, a new 
crystal defect was not introduced into Si layer, but it was checked that good crystallinity is maintained. 
[0112] The SOI substrate plurality which has a quality semi-conductor layer by repeating an above- 
mentioned process like an example 1 was obtained. 

[01 13] (Example 3) Anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 6 inch of the P type with the thickness of 625 micrometers of specific resistance 0.01 ohm- 
cm, or N type into HF solution. 
[0114] The anodization conditions were as follows. 
[0115] Current density: 7 (mA-cm -2) 

anodization solution: - HF:H2 0:C2 H5 OH=l:l:l hour: - 12 (minute) 
Thickness of Porosity Si: 10 (micrometer) 
Porosity: 15(%) 

This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The 
wall of the hole of Porosity Si was covered with this oxidation by the thermal oxidation film. Porosity Si 
top - MOCVD (MetalOrganic Chemical Vapor Deposition) - 1 micrometer grew the single crystal 
GaAs epitaxially by law. The growth conditions are as follows. 

[01 16] source gas: - TMG/AsH3 / H2 gas-pressure: - 80Torr temperature: - superposition and after 
making it contact, heat treatment of 900 degrees C - 1 hour was carried out for 700-degree-C this GaAs 
layer front face and the front face of 2nd Si substrate prepared independently, and lamination was 
performed. Both substrates were firmly stuck by this heat treatment. 

[01 17] When the pressure was applied to the stuck wafer like the example 2, the porosity Si layer broke, 
the wafer was halved and Porosity Si expressed it. 
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[0118] Then, after removing the oxide film of a wall for a porosity Si layer by fluoric acid, Porosity Si 
was etched by 1 10 degrees C (ratio of 17ml : 3g : 8ml) of ethylenediamine + pyrocatechol + water. The 
single crystal GaAs remained without being etched, as an ingredient of a dirty stop, selective etching of 
the porosity Si was carried out, and the single crystal GaAs was removed completely. 
[01 19] The etch rate to this etching reagent of a single crystal GaAs is very low, and is thickness 
reduction which can be disregarded practically. 

[0120] That is, the single crystal GaAs layer which had the thickness of 1 micrometer on Si substrate has 
been formed. It was changeless in a single crystal GaAs layer in any way also by the selective etching of 
Porosity Si. 

[0121] As a result of the cross-section observation by the transmission electron microscope, a new 
crystal defect was not introduced into a GaAs layer, but it was checked that good crystallinity is 
maintained. 

[0122] Like the example 2, the above-mentioned process was repeated and two or more semi-conductor 
substrates which allotted the quality GaAs layer were obtained. 

[0123] By using Si substrate with an oxide film as a support substrate, GaAs on an insulator layer was 
producible similarly. 

[0124] (Example 4) Anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 5 inch of the P type with the thickness of 625 micrometers of specific resistance 0.01 ohm- 
cm, or N type into HF solution. 
[0125] The anodization conditions were as follows. 
[0126] Current density: 10 (mA-cm -2) 

anodization solution: -- HF:H2 0:C2 H5 OH=l:l:l hour: -- 24 (minute) 
Thickness of Porosity Si: 20 (micrometer) 
Porosity: 17(%) 

This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 2 hours. The 
wall of the hole of Porosity Si was covered with this oxidation by the thermal oxidation film. Porosity Si 
top — MBE (Molecular Beam Epitaxy) — 0.5 micrometers grew the single crystal AlGaAs epitaxially by 
law. 

[0127] Superposition and after making it contact, heat treatment of 500 degrees C - 2 hours was carried 
out for this AlGaAs layer front face and the front face of the low-melting-glass substrate prepared 
independently, and lamination was performed. Both substrates were firmly stuck by this heat treatment. 
[0128] When the pressure was applied like the stuck wafer example 2, the porosity Si layer broke, the 
wafer was halved and Porosity Si expressed it. 

[0129] Then, Porosity Si was etched with the fluoric acid solution. The single crystal AlGaAs remained 
without being etched, as an ingredient of a dirty stop, selective etching of the porosity Si was carried 
out, and the single crystal AlGaAs was removed completely. 

[0130] The etch rate to this etching reagent of a single crystal AlGaAs is very low, and is thickness 
reduction which can be disregarded practically. 

[0131] That is, the single crystal AlGaAs layer which had the thickness of 0.5 micrometers on the glass 
substrate has been formed. It was changeless in a single crystal AlGaAs layer in any way also by the 
selective etching of Porosity Si. 

[0132] As a result of the cross-section observation by the transmission electron microscope, a new 
crystal defect was not introduced into an AlGaAs layer, but it was checked that good crystallinity is 
maintained. Two or more substrates which have a quality semi-conductor layer by repeating an above- 
mentioned process like an example 2 were obtained. 

[0133] (Example 5) Anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 6 inch of double-sided polish of the P type with the thickness of 625 micrometers of specific 
resistance 0.01 ohm-cm, or N type to both sides into HF solution. 
[0134] The anodization conditions were as follows. 
[0135] Current density: 5 (mA-cm -2) 

anodization solution: - HF:H2 Q:C2 H5 OH=l:l:l hour: ~ 12x2 (minute) 
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Thickness of Porosity Si: Each 10 (micrometer) 
Porosity: 15(%) 

This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The 
wall of the hole of Porosity Si was covered with this oxidation by the thermal oxidation film, the 
porosity Si top formed in both sides — CVD (Chemical Vapor Deposition) ~ 1 micrometer grew the 
single crystal Si epitaxially by law, respectively. The growth conditions are as follows. 
[0136] source gas: -- SiH2 C12 / H2 quantity-of-gas-flow: - 0.5/180 1/min gas pressure: ~ 80Torr 
temperature: 950-degree-C growth rate: ~ it formed lOOnm SiO two-layer in this epitaxial Si layer 
front face by thermal oxidation at the 0.3 micrometer/min pan. 

[0137] This Si02 500nm Si02 prepared apart from the layer front face Superposition and after making it 
contact, heat treatment of 600 degrees C - 2 hours was carried out for the front face of two Si substrates 
in which the layer was formed, respectively, and lamination was performed. 

[0138] When perpendicularly sufficient hauling force was applied to the field of the wafer stuck using 
the technique of an example 1 , the porosity Si layer destroyed two-layer, the wafer was trichotomized 
and Porosity Si expressed it. 

[0139] Then, selective etching is carried out, agitating a porosity Si layer 49% with the mixed liquor 
(1 :5) of fluoric acid and 30% hydrogen peroxide solution. The single crystal Si remained without being 
etched, as an ingredient of a dirty stop, selective etching of the porosity Si was carried out, and the 
single crystal Si was removed completely. 

[0140] the etch rate to this etching reagent of a nonvesicular Si single crystal - very - low - the 
selection ratio with the etch rate of a porous layer — the fifth power or more of 10 - reaching — a ratio — 
the amount of etching in a porous layer (about dozens of A) is thickness reduction which can be 
disregarded practically. 

[0141] That is, the single crystal Si layer which had the thickness of 1 micrometer on Si oxide film has 
formed in two-sheet coincidence. It was changeless in a single crystal Si layer in any way also by the 
selective etching of Porosity Si. 

[0142] As a result of the cross-section observation by the transmission electron microscope, a new 
crystal defect was not introduced into Si layer, but it was checked that good crystallinity is maintained. 
The above-mentioned process as well as an example 1 was repeated, and the substrate plurality which 
has a quality semi-conductor layer was obtained. 

[0143] (Example 6) Anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 5 inch of the P type with the thickness of 625 micrometers of specific resistance 0.01 ohm- 
cm, or N type into HF solution. 
[0144] The anodization conditions were as follows. 
[0145] Current density: 7 (mA-cm -2) 

anodization solution: - HF:H2 0:C2 H5 OH=l :1 :1 hour: - 4 (minute) 
Thickness of Porosity Si: 3 (micrometer) 
Porosity: 15(%) 

Furthermore, current density: 30 (mA-cm -2) 

anodization solution: - HF:H2 0:C2 H5 OH=l:3:2 hour: ~ 3 (minute) 

Thickness of Porosity Si: 10 (micrometer) 

Porosity:45(%) 

This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The 
wall of the hole of Porosity Si was covered with this oxidation by the thermal oxidation film. 0.3 
micrometers grew the single crystal Si epitaxially with the CVD method on Porosity Si. The growth 
conditions are as follows. 

[0146] source gas: — SiH4 carrier gas: - H2 temperature: — 850-degree-C pressure: - lxlO-2Torr 
growth rate: — it formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation 
further 3.3 nm/sec. 

[0147] This Si02 500nm Si02 prepared apart from the layer front face Superposition and after making it 
contact, heat treatment of 700 degrees C - 2 hours was carried out for the front face of Si substrate in 
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which the layer was formed, and lamination was performed. 

[0148] The porosity Si layer broke in the place which applied perpendicularly sufficient hauling force to 
the field of the stuck wafer using the technique of an example 1 , the wafer was halved and Porosity Si 
expressed it. 

[0149] Then, selective etching of the porosity Si layer is carried out with the etching reagent of 
HF/HN03 / CH3 COOH system. Porosity Si was etched and was removed completely. 
[01 50] The etch rate to this etching reagent of a nonvesicular Si single crystal is very low, and the 
amount of etching in a nonvesicular layer is thickness reduction which can be disregarded practically. 
[0151] That is, the single crystal Si layer which had the thickness of 1 micrometer on Si oxide film has 
been formed. It was changeless in a single crystal Si layer in any way also by the selective etching of 
Porosity Si. 

[0152] As a result of the cross-section observation by the transmission electron microscope, a new 
crystal defect was not introduced into Si layer, but it was checked that good crystallinity is maintained. 
The above-mentioned process as well as an example 1 was repeated, and the substrate plurality which 
has a quality semi-conductor layer was obtained. 

[01 53] (Example 7) Anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 6 inch of the P type with the thickness of 625 micrometers of specific resistance 0.01 ohm- 
cm, or N type into HF solution. 
[0154] The anodization conditions were as follows. 
[01 55] Current density: 5 (mA-cm -2) 

anodization solution: - HF:H2 Q:C2 H5 OH=l:l:l hour: - 12 (minute) 
Thickness of Porosity Si: 10 (micrometer) 
Porosity: 15(%) 

This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The 
wall of the hole of Porosity Si was covered with this oxidation by the thermal oxidation film. Porosity Si 
top ~ CVD (ChemicalVapor Deposition) - 1 micrometer grew the single crystal Si epitaxially by law. 
The growth conditions are as follows. 

[0156] source gas: - SiH2 C12 / H2 quantity-of-gas-flow: - 0.5/180 1/min gas pressure: - 80Torr 
temperature: — 950-degree-C growth rate: - it formed lOOnm SiO two-layer in this epitaxial Si layer 
front face by thermal oxidation at the 0.3 micrometer/min pan. 

[0157] This Si02 500nm Si02 prepared apart from the layer front face Superposition and after making it 
contact, heat treatment of 900 degrees C - 2 hours was carried out for the front face of Si substrate in 
which the layer was formed, and lamination was performed. 

[0158] When perpendicularly sufficient hauling force was applied to the field of the stuck wafer using 
the technique of an example 1 , the porosity Si layer broke, the wafer was halved and Porosity Si 
expressed it. 

[0159] Then, selection polish of the porosity Si layer was carried out, having used the single crystal Si 
as the stopper. Porosity Si selection polish was carried out and it was removed completely. 
[01 60] That is, the single crystal Si layer which had the thickness of 1 micrometer on Si oxide film has 
been formed. It was changeless in a single crystal Si layer in any way also by the selective etching of 
Porosity Si. 

[0161] As a result of the cross-section observation by the transmission electron microscope, a new 
crystal defect was not introduced into Si layer, but it was checked that good crystallinity is maintained. 
The above-mentioned process as well as an example 1 was repeated, and the substrate plurality which 
has a quality semi-conductor layer was obtained. 

[0162] (Example 8) Anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 6 inch of the P type with the thickness of 625 micrometers of specific resistance 0.01 ohm- 
cm, or N type into HF solution. 
[0163] The anodization conditions were as follows. 
[0164] Current density: 5 (mA-cm -2) 

anodization solution: - HF:H2 Q:C2 H5 OH=l:l:l hour: - 12 (minute) 
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Thickness of Porosity Si: 10 (micrometer) 
Porosity: 15(%) 

This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The 
wall of the hole of Porosity Si was covered with this oxidation by the thermal oxidation film. Porosity Si 
top - CVD (ChemicalVapor Deposition) - 1 micrometer grew the single crystal Si epitaxially by law. 
The growth conditions are as follows. 

[0165] source gas: - SiH2 C12 / H2 quantity-of-gas-flow: -- 0.5/180 1/min gas pressure: » 80Torr 
temperature: - 950-degree-C growth rate: - it formed lOOnm SiO two-layer in this epitaxial Si layer 
front face by thermal oxidation at the 0.3 micrometer/min pan. 

[0166] This Si02 500nm Si02 prepared apart from the layer front face Superposition and after making it 
contact, heat treatment of 900 degrees C - 2 hours was carried out for the front face of Si substrate in 
which the layer was formed, and lamination was performed. Subsequently, when the stuck substrate was 
put in into the layer which arranged the ultrasonic vibrator and ultrasonic energy was impressed, the 
porosity Si layer broke, the wafer was halved and Porosity Si expressed it. 

[0167] Then, selective etching is carried out, agitating a porosity Si layer 49% with the mixed liquor 
(1 :5) of fluoric acid and 30% hydrogen peroxide solution. The single crystal Si remained without being 
etched, as an ingredient of a dirty stop, selective etching of the porosity Si was carried out, and the 
single crystal Si was removed completely. 

[0168] The etch rate to this etching reagent of a nonvesicular Si single crystal is very low, the selection 
ratio with the etch rate of a porous layer amounts to the fifth power or more of 10, and the amount of 
etching in a nonvesicular layer (about dozens of A) is thickness reduction which can be disregarded 
practically. 

[0169] That is, the single crystal Si layer which had the thickness of 1 micrometer on Si oxide film has 
been formed. It was changeless in a single crystal Si layer in any way also by the selective etching of 
Porosity Si. 

[0170] As a result of the cross-section observation by the transmission electron microscope, a new 
crystal defect was not introduced into Si layer, but it was checked that good crystallinity is maintained. 
[0171] 1st Si single crystal substrate removed the residual porosity Si, and used it as 1st Si single crystal 
substrate again. 

[0172] (Example 9) Anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 4 inch of the P type with the thickness of 525 micrometers of specific resistance 0.01 ohm- 
cm, or N type into HF solution. 
[0173] The anodization conditions were as follows. 
[0174] Current density: 7 (mA-cm -2) 

anodization solution: - HF:H2 0:C2 H5 OH=l:l:l hour: ~ 12 (minute) 
Thickness of Porosity Si: 10 (micrometer) 
Porosity: 15(%) 

This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 2 hours. The 
wall of the hole of Porosity Si was covered with this oxidation by the thermal oxidation film. Porosity Si 
top - MBE (Molecular Beam Epitaxy) -- 0.5 micrometers grew the single crystal Si epitaxially by law. 
The growth conditions are as follows. 

[0175] temperature: - 700-degree-C pressure: - lxl0-9Torr growth rate: - 0.1 nm/sec temperature: - 
950-degree-C growth rate: - it formed lOOnm SiO two-layer in this epitaxial Si layer front face by 
thermal oxidation at the 0.3 micrometer/min pan. 

[0176] This Si02 Superposition and after making it contact, heat treatment of 400 degrees C - 2 hours 
was carried out for the layer front face and the front face of the fused-quartz substrate prepared 
independently, and lamination was performed. 

[0177] The wafer end face was made to express a porous layer, when Porosity Si was etched to some 
extent and the sharp plate was inserted there like the cutting edge of a razor, the porosity Si layer broke, 
the wafer was halved and Porosity Si expressed it. 

[0178] Then, selective etching is carried out, agitating a porosity Si layer with the mixed liquor (1 :5) of 
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buffered fluoric acid and 30% hydrogen peroxide solution. The single crystal Si remained without being 
etched, as an ingredient of a dirty stop, selective etching of the porosity Si was carried out, and the 
single crystal Si was removed completely. 

[0179] The etch rate to this etching reagent of a nonvesicular Si single crystal is very low, the selection 
ratio with the etch rate of a porous layer amounts to the fifth power or more of 10, and the amount of 
etching in a nonvesicular layer (about dozens of A) is thickness reduction which can be disregarded 
practically. 

[01 80] That is, the single crystal Si layer which had the thickness of 0.5 micrometers on the fused-quartz 
substrate has been formed. It was changeless in a single crystal Si layer in any way also by the selective 
etching of Porosity Si. 

[0181] As a result of the cross-section observation by the transmission electron microscope, a new 
crystal defect was not introduced into Si layer, but it was checked that good crystallinity is maintained. 
[01 82] The same result was obtained even if it did not form an oxide film in the epitaxial Si layer front 
face. 

[0183] 1st Si single crystal substrate removed the residual porosity Si, and after performing surface 
polish and making it the shape of a mirror plane, it used it as 1st Si single crystal substrate again. 
[0184] (Example 10) Anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 6 inch of double-sided polish of the P type with the thickness of 625 micrometers of specific 
resistance 0.01 ohm-cm, or N type to both sides into HF solution. 
[0185] The anodization conditions were as follows. 
[0186] Current density: 5 (mA-cm -2) 

anodization solution: - HF:H2 0:C2 H5 OH=l:l:l hour: - 12x2 (minute) 
Thickness of Porosity Si: Each 10 (micrometer) 
Porosity: 15(%) 

This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The 
wall of the hole of Porosity Si was covered with this oxidation by the thermal oxidation film, the 
porosity Si top formed in both sides — CVD (Chemical Vapor Deposition) — 1 micrometer grew the 
single crystal Si epitaxially by law. The growth conditions are as follows. 
[0187] source gas: - SiH2 C12 / H2 quantity-of-gas-flow: - 0.5/180 1/min gas pressure: - 80Torr 
temperature: — 950-degree-C growth rate: ~ it formed lOOnm SiO two-layer in this epitaxial Si layer 
front face by thermal oxidation at the 0.3 micrometer/min pan. 

[01 88] This Si02 500nm Si02 prepared apart from the layer front face Superposition and after making it 
contact, heat treatment of 600 degrees C - 2 hours was carried out for the front face of two Si substrates 
in which the layer was formed, respectively, and lamination was performed. 

[01 89] After making the wafer end face express a porous layer and infiltrating liquids, such as water, 
into a porous layer Si, when the whole lamination wafer was heated or cooled, the porosity Si layer 
broke by expansion of a liquid etc., the wafer was halved and Porosity Si expressed it. 
[0190] Then, selective etching is carried out, agitating a porosity Si layer 49% with the mixed liquor 
(1:5) of fluoric acid and 30% hydrogen peroxide solution. The single crystal Si remained without being 
etched, as an ingredient of a dirty stop, selective etching of the porosity Si was carried out, and the 
single crystal Si was removed completely. 

[0191] The etch rate to this etching reagent of a nonvesicular Si single crystal is very low, the selection 
ratio with the etch rate of a porous layer amounts to the fifth power or more of 10, and the amount of 
etching in a nonvesicular layer (about dozens of A) is thickness reduction which can be disregarded 
practically. 

[0192] That is, the single crystal Si layer which had the thickness of 1 micrometer on Si oxide film has 
formed in two-sheet coincidence. It was changeless in a single crystal Si layer in any way also by the 
selective etching of Porosity Si. 

[0193] As a result of the cross-section observation by the transmission electron microscope, a new 
crystal defect was not introduced into Si layer, but it was checked that good crystallinity is maintained. 
[0194] The same result was obtained even if it did not form an oxide film in the epitaxial Si layer front 
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face. 

[0195] 1st Si single crystal substrate removed the residual porosity Si, and after it carried out hydrogen 
processing and carried out flattening of the front face, it used it as 1st Si single crystal substrate again. 
[0196] (Example 1 1) Anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 5 inch of the P type with the thickness of 625 micrometers of specific resistance 0.01 ohm- 
cm, or N type into HF solution. 
[0197] The anodization conditions were as follows. 
[0198] Current density: 7 (mA-cm -2) 

anodization solution: - HF:H2 0:C2 H5 OH=l:l:l hour: - 4 (minute) 
Thickness of Porosity Si: 3 (micrometer) 
Porosity: 15(%) 

Furthermore, current density: 30 (mA-cm -2) 

anodization solution: - HF:H2 0:C2 H5 OH=l:3:2 hour: - 3 (minute) 

Thickness of Porosity Si: 10 (micrometer) 

Porosity:45(%) 

This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The 
wall of the hole of Porosity Si was covered with this oxidation by the thermal oxidation film. 0.3 
micrometers grew the single crystal Si epitaxially with the CVD method on Porosity Si. The growth 
conditions are as follows. 

[0199] source gas: — SiH4 carrier gas: ~ H2 temperature: - 850-degree-C pressure: - lxlO-2Torr 
growth rate: — it formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation 
further 3.3 nm/sec. 

[0200] This Si02 500nm Si02 prepared apart from the layer front face Superposition and after making it 
contact, heat treatment of 700 degrees C - 2 hours was carried out for the front face of Si substrate in 
which the layer was formed, and lamination was performed. 

[0201] When the force was horizontally applied to the 2nd (or the 1st) substrate to the 1st (or the 2nd) 
substrate, a porosity Si layer could not finish bearing shearing stress, and it destroyed, and the wafer was 
halved and Porosity Si expressed it. 

[0202] Then, selective etching of the porosity Si layer is carried out with the etching reagent of 
HF/HN03 / CH3 COOH system. Selective etching of the porosity Si was carried out, and it was 
removed completely. 

[0203] The etch rate to this etching reagent of a nonvesicular Si single crystal is very low, and the 
amount of etching in a nonvesicular layer is thickness reduction which can be disregarded practically. 
[0204] That is, the single crystal Si layer which had the thickness of 1 micrometer on Si oxide film has 
been formed. It was changeless in a single crystal Si layer in any way also by the selective etching of 
Porosity Si. 

[0205] As a result of the cross-section observation by the transmission electron microscope, a new 
crystal defect was not introduced into Si layer, but it was checked that good crystallinity is maintained. 
[0206] The same result was obtained even if it did not form an oxide film in the epitaxial Si layer front 
face. 

[0207] 1st Si single crystal substrate removed the residual porosity Si, and used it as 1st Si single crystal 
substrate again. 

[0208] (Example 12) Anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 5 inch of the P type with the thickness of 625 micrometers of specific resistance 0.01 ohm- 
cm, or N type into HF solution. 
[0209] The anodization conditions were as follows. 
[0210] Current density: 7 (mA-cm -2) 

anodization solution: - HF:H2 0:C2 H5 OH=l:l:l hour: -- 4 (minute) 
Thickness of Porosity Si: 3 (micrometer) 
Porosity: 15(%) 

Furthermore, current density: 30 (mA-cm -2) 
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anodization solution: - HF:H2 0:C2 H5 OH=l:3:2 hour: - 3 (minute) 

Thickness of Porosity Si: 10 (micrometer) 

Porosity:45(%) 

This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The 
wall of the hole of Porosity Si was covered with this oxidation by the thermal oxidation film. 0.3 
micrometers grew the single crystal Si epitaxially with the CVD method on Porosity Si. The growth 
conditions are as follows. 

[021 1] source gas: -- SiH4 carrier gas: -- H2 temperature: - 850-degree-C pressure: lxlO-2Torr 
growth rate: « it formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation 
further 3.3 nm/sec. 

[0212] This Si02 500nm Si02 prepared apart from the layer front face Superposition and after making it 
contact, heat treatment of 700 degrees C - 2 hours was carried out for the front face of Si substrate in 
which the layer was formed, and lamination was performed. 

[021 3] The wafer end face was made to express a porous layer, and the wafer was halved when the 
porosity Si layer was etched from the end face with the selection etching reagent of Porosity Si. 
[0214] Then, selective etching of the porosity Si layer is carried out with the etching reagent of 
HF/HN03 / CH3 COOH system. Selective etching of the porosity Si was carried out, and it was 
removed completely. 

[021 5] The etch rate to this etching reagent of a nonvesicular Si single crystal is very low, and the 
amount of etching in a nonvesicular layer is thickness reduction which can be disregarded practically. 
[0216] That is, the single crystal Si layer which had the thickness of 1 micrometer on Si oxide film has 
been formed. It was changeless in a single crystal Si layer in any way also by the selective etching of 
Porosity Si. 

[0217] As a result of the cross-section observation by the transmission electron microscope, a new 
crystal defect was not introduced into Si layer, but it was checked that good crystallinity is maintained. 
[021 8] The same result was obtained even if it did not form an oxide film in the epitaxial Si layer front 
face. 

[0219] 1st Si single crystal substrate removed the residual porosity Si, and used it as 1st Si single crystal 

substrate again. 

[0220] 

[Effect of the Invention] As explained above, according to this invention, it sticks, the constituted base is 
separated by the porous layer, and the semi-conductor base with which the quality nonvesicular single 
crystal half conductor layer was allotted can be formed by removing the porous layer on the 2nd base to 
which the nonvesicular single crystal half conductor layer was allotted. 

[0221] In addition, it sticks and the constituted base is separated by the porous layer, and since the 1st 
base from which the porous layer was removed by removing the porous layer which constitutes the 1st 
base is reusable to semi-conductor base production, improvement in the productivity of a semi- 
conductor base and low cost-ization can be attained further. 

[0222] Moreover, according to this invention, the production approach of the semi-conductor substrate 
which stood high in the field of productivity, homogeneity, a controllability, and cost on substrates 
including a transparence substrate (light transmission nature substrate) when crystallinity obtained a 
single crystal layer or compound semiconductor single crystal layers, such as Si which was excellent 
just like the single crystal wafer, can be proposed. 

[0223] Moreover, according to this invention, also in case the large-scale integrated circuit of SOI 
structure is produced, the production approach of expensive SOS and the alternative ************** 
substrate of SIMOX can be proposed. 

[0224] Moreover, a base is separable into two or more through a porous layer, and after one base after 
separation removes residual porosity, it is usable as a semi-conductor substrate, and after removing 
residual porosity, it is applicable [ the base of another side ] to production of a semi-conductor substrate 
according to this invention, again. 

[0225] Moreover, a porous layer and a nonvesicular single crystal layer are formed in both sides of a 
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base, and after sticking another base of two sheets so that this single crystal layer may be pinched, two 
semi-conductor substrates are producible to coincidence according to this invention, by separating a base 
by said porous layer. 

[0226] namely, — according to this invention — economical efficiency — excelling - a large area - 
crossing — homogeneity — it can leave the semi-conductor layer or compound semiconductor barrier 
layer formed in the front face using the flat single crystal substrate which has the extremely excellent 
crystallinity, this from the one side to barrier layer can be removed, and the production approach of a 
semi-conductor substrate of obtaining few remarkable single crystal layers or compound semiconductor 
crystal layer of a defect to an insulating lifter can be offered. 

[0227] Moreover, the production approach of the semi-conductor substrate which stood high in the field 
of productivity, homogeneity, a controllability, and cost on the transparence substrate (light transmission 
nature substrate) when crystallinity obtained Si which was excellent just like the single crystal wafer, or 
a compound semiconductor single crystal layer can be acquired. 

[0228] Moreover, also in case the large-scale integrated circuit of SOI structure is produced, the 
production approach of expensive SOS and the alternative ************** substrate of SIMOX can be 
acquired. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is a typical sectional view for explaining one example of the approach of this invention. 
[Drawin g 2] It is a typical sectional view for explaining one example of the approach of this invention. 
[Drawing 3] It is a typical sectional view for explaining one example of the approach of this invention. 
[Drawing 4] It is a typical sectional view for explaining one example of the approach of this invention. 
[Drawing 5] It is a typical sectional view for explaining one example of the approach of this invention. 
[Description of Notations] 

1 1 Si Single Crystal Substrate 

12 Porosity Si Layer 

13 Nonvesicular Single Crystal Si Layer 

14 Si Support Substrate 

15 Insulating Layer 
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DRAWINGS 
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[Procedure revision] 

[Filing Date] August 17, Heisei 10 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The process which forms the 1st base which has a nonvesicular single crystal half conductor 
layer on the porosity semi-conductor layer on a nonvesicular substrate, 

The lamination process which sticks said nonvesicular single crystal half conductor layer with the 2nd 
base, 

The separation process which separates said 1st and 2nd stuck bases in said porosity semi-conductor 
layer, 
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The production approach of the semi-conductor substrate characterized by having the process which 
removes the porosity semi-conductor layer allotted on the 2nd [ said ] base obtained according to said 
separation process, and the process which removes the porosity semi-conductor layer which constitutes 
said 1 st base obtained according to said separation process. 

[Claim 2] The process which forms the 1st base which has a nonvesicular single crystal half conductor 
layer on the porosity semi-conductor layer on a nonvesicular substrate, 

The lamination process which sticks said nonvesicular single crystal half conductor layer through the 
2nd base and insulating layer, 

The separation process which separates said 1st and 2nd stuck bases in said porosity semi-conductor 
layer, 

The production approach of the semi-conductor substrate characterized by having the process which 
removes the porosity semi-conductor layer allotted on the 2nd [ said ] base obtained according to said 
separation process, and the process which removes the porosity semi-conductor layer which constitutes 
said 1st base obtained according to said separation process. 

[Claim 3] Said porosity semi-conductor layer is the production approach of claim 1 constituted using 
silicon, or a semi-conductor substrate given in 2. 

[Claim 4] The production approach of claim 1 by which the thermal oxidation film is formed in the wall 

of the hole of said porosity semi-conductor layer, or a semi-conductor substrate given in two. 

[Claim 5] Said porosity semi-conductor layer is the production approach of claim 1 which is a layer with 

a mechanical strength weaker than said nonvesicular substrate, or a semi-conductor substrate given in 

two. 

[Claim 6] The porosity of said porosity semi-conductor layer is the production approach of claim 1 in 10 
- 80% of range, or a semi-conductor substrate given in 2. 

[Claim 7] Said porosity semi-conductor layer is the production approach of claim 1 which has the two- 
layer field where porosity differs mutually, or a semi-conductor substrate given in two. 
[Claim 8] The two-layer field where said porosity differs is the production approach of a semi-conductor 
substrate according to claim 7 with the porosity of the side near said nonvesicular substrate higher than 
the porosity of the side near said nonvesicular single crystal half conductor layer. 
[Claim 9] The production approach of claim 1 which performs the process after said lamination process 
as the 1st base which newly forms a porosity semi-conductor layer in the base which removes the 
porosity semi-conductor layer which constitutes said 1st base after said separation process, and is 
obtained, and has said porosity semi-conductor layer for this in it, or a semi-conductor substrate given in 
2. 

[Claim 10] Said nonvesicular single crystal half conductor layer is the production approach of claim 1 
which is Si layer, or a semi-conductor substrate given in 2. 

[Claim 1 1] Said nonvesicular single crystal half conductor layer is the production approach of claim 1 
which is a compound semiconductor layer, or a semi-conductor substrate given in 2. 
[Claim 12] Said nonvesicular single crystal half conductor layer is the production approach of claim 1 
formed of epitaxial growth, or a semi-conductor substrate given in two. 

[Claim 13] Said nonvesicular single crystal half conductor layer is the production approach of claim 1 
formed by the approach chosen from the molecular-beam epitaxial method, a plasma-CVD method, a 
reduced pressure CVD method, an optical CVD method, a bias sputtering technique, and a liquid phase 
grown method, or a semi-conductor substrate given in two. 

[Claim 14] Said 1st base is the production approach of claim 1 constituted using Si, or a semi-conductor 
substrate given in 2. 

[Claim 1 5] Said 2nd base is the production approach of claim 1 which is a light transmission nature 
base, or a semi-conductor substrate given in 2. 

[Claim 16] Removal of said porosity semi-conductor layer is the production approach of claim 1 made 
using etching, or a semi-conductor substrate given in 2. 

[Claim 17] Removal of said porosity semi-conductor layer is the production approach of claim 1 made 
by grinding alternatively said nonvesicular single crystal half conductor layer for said porosity semi- 
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conductor layer as a stopper, or a semi-conductor substrate given in 2. 

[Claim 18] Removal of said porosity semi-conductor layer is the production approach of claim 1 
removed by chemical etching at fluoric acid or fluoric acid by the mixed liquor of alcohol and hydrogen 
peroxide solution which added either at least, or a semi-conductor substrate given in two. 
[Claim 19] Said porosity semi-conductor layer is the production approach of claim 1 removed by 
chemical etching at buffered fluoric acid or buffered fluoric acid by the mixed liquor of alcohol and 
hydrogen peroxide solution which added either at least, or a semi-conductor substrate given in two. 
[Claim 20] The separation in said porosity semi-conductor layer is the production approach of claim 1 
performed by at least one or more approaches of pressurizing in the perpendicular direction to the 
lamination side of the stuck base, pulling in the direction perpendicular to said field, and applying-to this 
lamination side-shearing stress **, or a semi-conductor substrate given in 2. 

[Claim 21] Said insulating layer is the production approach of the semi-conductor substrate according to 
claim 2 formed at least in one side on the front face of said 2nd base on said nonvesicular single crystal 
layer. 

[Claim 22] Said insulating layer is the thermal oxidation film and deposition Si02. The film and 
deposition Si3 N4 The production approach of the semi-conductor substrate according to claim 21 
chosen from film. 

[Claim 23] Said lamination process is the production approach of the semi-conductor substrate 
according to claim 1 or 2 performed by anode plate junction, pressurization, heat treatment, or the 
approach chosen from such combination. 

[Claim 24] Said porosity semi-conductor layer is the production approach of the semi-conductor 
substrate according to claim 1 or 2 formed using anodization. 

[Claim 25] Said anodization is the production approach of the semi-conductor substrate according to 
claim 24 performed in HF solution. 

[Claim 26] Said anodization is the production approach of the semi-conductor substrate according to 
claim 24 performed according to the process which carries out anodization by the low current 
consistency, and the process which carries out anodization with high current density after that. 
[Claim 27] The production approach of a semi-conductor substrate according to claim 26 with the 
concentration of HF in the process which carries out anodization by said low current consistency deeper 
than the concentration of HF in the process which carries out anodization with said high current density. 
[Claim 28] The separation in said porosity semi-conductor layer is the production approach of claim 1 
performed by impressing wave energy to this porosity semi-conductor layer, or a semi-conductor 
substrate given in 2. 

[Claim 29] The separation in said porosity semi-conductor layer is the production approach of claim 1 
performed by inserting the member for exfoliation from this porosity semi-conductor layer side face, or 
a semi-conductor substrate given in 2. 

[Claim 30] The separation in said porosity semi-conductor layer is the production approach of claim 1 
performed by the expansion energy of the matter into which this porosity semi-conductor layer was 
infiltrated, or a semi-conductor substrate given in 2. 

[Claim 31] The separation in said porosity semi-conductor layer is the production approach of claim 1 
performed by the selective etching to this porosity semi-conductor layer of a wafer side face, or a semi- 
conductor substrate given in 2. 

[Claim 32] The semi-conductor substrate produced by the approach according to claim 1 to 31 . 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0032 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0032] Namely, the 1st mode of the production approach of the semi-conductor substrate of this 
invention The process which forms the 1st base which has a nonvesicular single crystal half conductor 
layer on the porosity semi-conductor layer on a nonvesicular substrate, The lamination process which 
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sticks said nonvesicular single crystal half conductor layer with the 2nd base, The separation process 
which separates said 1st and 2nd stuck bases in said porosity semi-conductor layer, It is characterized by 
having the process which removes the porosity semi-conductor layer allotted on the 2nd [ said ] base 
obtained according to said separation process, and the process which removes the porosity semi- 
conductor layer which constitutes said 1st base obtained according to said separation process. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0033 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0033] The process at which the 2nd mode of this invention forms the 1st base which has a nonvesicular 
single crystal half conductor layer on the porosity semi-conductor layer on a nonvesicular substrate, The 
lamination process which sticks said nonvesicular single crystal half conductor layer through the 2nd 
base and insulating layer, The separation process which separates said 1 st and 2nd stuck bases in said 
porosity semi-conductor layer, It is characterized by having the process which removes the porosity 
semi-conductor layer allotted on the 2nd [ said ] base obtained according to said separation process, and 
the process which removes the porosity semi-conductor layer which constitutes said 1st base obtained 
according to said separation process. 
[Procedure amendment 4] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0076 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0076] Next, a substrate is divided in the porosity Si layer 42 (drawing 4 (d)). A light transmission 

nature support substrate side serves as structure like the 45/light transmission nature support substrate 44 

of 43/insulating layers of porosity Si42/single crystal compound semiconductor layers. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0166 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0166] This Si02 500nm Si02 prepared apart from the layer front face Superposition and after making it 

contact, heat treatment of 900 degrees C - 2 hours was carried out for the front face of Si substrate in 

which the layer was formed, and lamination was performed. Subsequently, when the stuck substrate was 

put in into the tub which arranged the ultrasonic vibrator and ultrasonic energy was impressed, the 

porosity Si layer broke, the wafer was halved and Porosity Si expressed it. 

[Procedure amendment 6] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0151 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0151] That is, the single crystal Si layer which had the thickness of 0.3 micrometers on Si oxide film 
has been formed. It was changeless in a single crystal Si layer in any way also by the selective etching of 
Porosity Si. 

[Procedure amendment 7] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0204 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0204] That is, the single crystal Si layer which had the thickness of 0.3 micrometers on Si oxide film 
has been formed. It was changeless in a single crystal Si layer in any way also by the selective etching of 
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Porosity Si. 



[Translation done.] 
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[0 0 44] Si+2HF+ (2-n) e + ->SiF 2 
+ 2H + +n e" 

S i F 2 + 2HF->S i F 4 + H 2 
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Si+4HF+ (4-1) e + ->SiF 4 +4H + +i 
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S i F 4 + 2HF-^H 2 S i F 6 

e + &£Ve- fctfc;h,* # ftjE*L£t^fc*LT 

S^*JC^S^]E7LO»X-fe9, n>2*fctti>44 
TV>5 0 

[0 0 4 5] aiOIt^^ jE7L©»41-6PSJS i 

jHESnr^a «flu io 

aflr*£ttWWMMr, vol. 79, SSD79-9 
549 (1979)), (K, Imai, Solid- 
State Electronics, vol. 24, 
1 5 9 (1 9 8 1) ) o 

[0 0 4 6] L2>>U XMENSS i T*>*l«#SJtflS 
$tb5fc^>«*'b*>9 (R. P. Holmstrom 
and J.Y. Chi.Appl.Phys. Let 
t. f vol. 4 2, 3 8 6 (1 9 8 3)), PSL N 

£fc 20 
[0 0 4 7] #dFLSS iJi^tt, i£i@ffi : F«»&K:«fc£. 
SSKifttf, spiSjB6 0 o*:^* ha-AiS^ 

t/^ft^5: fcfcRTffi-cfca. fcfcu looot 

yufifcftldli, ^7X-7CV 
D, igcECVDft, *CVD, /<>TT* • 30 

[0 0 4 8] #?LKStt-t«)rttti-**<o^i»^ 

[0 0 4 9] [XttflMlffl 1 ] H 1 (a) 
fc, JfSlWSi*8f B SIll^lU, *<D« 
ffiJBfc#?LK<fcl 2 L, #7lf£S i 1 2±\Z#£RWm 
«AS ill 3Sr»*i-5 (HI (b) ) . 40 

[0 0 5 0] 1211 (c) fca*1-J:5fc* 1>5-* 
OS 4^@SS ill 3t«rte»Sl 5 

littsii s^L-caiBJcje-fr-rs. mui 5«*. 

SSSill, S iX*^14J:©'>4< 
ffM-f^, fc5iMi|fe»tto»««:tt$*3tfcS*a-cPA 

[0 0 5 1] &lc, #?LSCS ill 2"C»«*r»«1-S 50 
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(Ml (d) ) . S i XttSlSfiflfi, £?Lf£S i 1 2/ 
¥»AS ill 3/»««l 5/S i 3£»S«1 4<D£ 

[0 0 5 2] $<bfcl x #*LJtS i 1 2fc»«Wfc|»*1- 

So iiS^s i rox^y^E *>sim*#?LKs i o 

t i> ¥h *Sr*An LfcJR**0'>4 < £ fc l fflli 
SrfflVHT, #?LKS i 1 2^Sr»«»Saft*xyf 
^LTjfe»ttS«l 5 + 1 4±Jc»WbL^*3»*S 
iI13^^W^t?)o ±ia»3CLfc,t5^ £ 
ftKS i ©Wc4*iBa^J: oaftos i <03lv^>^ 

[0 0 5 3] feSl/Mt, #*Si&S ill 3*flFB^ h v 
/<—h LT^dFLjf S i 1 2*«WWT(fc*+fi. 

[0 0 5 4] Hi (e) IClS, J&H^ftbft**** 
SSa^SftSo *fe»ttS«l 5 + 1 4±^*J»fiS i 

[0 0 5 5] i¥SSMil 1W:, ^g#?LK 

[0 0 5 6] ttMflfcfcWC, £7Lff S i it2o(DS 

^5A-T5*ft, M 9 ^^^gjg^ffitc^g^gjg 

[0 0 5 7] #fcPJ3lw*5V^\ tfKlCiSLfc^TLHS i 
m<D£Hm (porosity) It -jttWKIi 1 0 - 
8 0%G>«&ffl-C*>!K it)fftt<ll 2 0~6 0%tf> 

[0 0 5 8] [Hftffi(R0IJ2] 0 2 (a) [ZfrtZo 
Id, *-f»10S i*lSfiS«2 lSrfflSLT, 
B5Ji«r*7L»t2 2 L, #?LKS i 2 2±tc**?LK* 
^aSil2 3fcJBj*-r* (H2 (b) ) . 

[0 0 5 9] ^(^, 02(c) 1-^1" J: 5 (c, 

7^»£«*Stt6*aatt3t»*«2 4fcJW*»S iiB 
2 3t«r»«H2 5S:^LTaiB.T?*»$-&fca, 

« 2 4 1 mm&m 23 1 \*mmm 25^ \.xsm\z& 
^-rso m«(|2 5«¥^s ii±, ftsattxtts 
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[0 0 6 0] £7LKS iff 2 3"Ca«&#«1-* 

(0 2 (d) ) . %3i&tt£*£&tttt> #7L1€S i 2 

2 s i m 2 3 /tmm 2 5 /*»iattx»s« 

[0 0 6 1] $ h\z. i 2 2 fciS^Wl-Bfofc-f 

>kfc*I«lM***©*4< 4: ^*>€>A»— 

77- K»ttlcT/U3-/ui3J:tJ 5 iaBMk***© / >4< 
4: 1> fca»-#*8MlD Lfc«**©'>4 < 1 1 an 
fcffl^T, #?LgS i 2 2(0^^iM^x^f 
>^UT*aiStttt»ttS«2 5 + 2 4±fc»Rfl:Lfc 

*isas iJB2 3fea#s*»*i-a D ±BB«Lfct 

#?LKS iOK*4«SWcJ:0iittos i co^ 

[0 0 6 2] *>5W±, 4USAS iff 2 3SrflFW^ by 
LT#?LgS i 2 2«r»JBf«-e|»*+5. 

[0 0 6 3] H 2 (e) fctt, *»WT#bJx5*»# 
»R*s*Six5. *aiitt«ittS#2 5 + 2 4±^* 
*$AS iff 2 L*»fci*-fcMlfc;*JlT, 

[0 0 6 4] a»^fiff 2 5li4<Tt>fiV\ 

[0 0 6 5] %1<DS i $M$Ag«2 HI, $@#?LfC 
S i *|fc*LT, *ffiTatt*5fF#-e#4tM5^3IEiir 
«B¥«fls«?4ofclL HKSios 
i 2 1 4: LT^ffl-C# 5, 

[0 0 6 6] [X1MIL8M3] H3 (a) l^l"* 5 
\z. % tfilOS i*e£Ifi3 lfcEStLT, 
ffiff&#7Litte3 2 U ^JLJfS i 3 2±H##TLR* 
»ft<b^****Ji3 3S:«ri£-*-6 (H3 (b) ) . 

[0 0 6 7] ft^ IS) 3 (c) tc^-T J: 9 
<£> S i £#a& 3 4 4: A<fc-&4fc*»*JB 3 3 4: 
8«3 5Sr^LTSa"C«»S-frfea, »P 

jee, fcavMifRflyi. fcsvMirftb^ft^fr-fric* 

S i*#StR3 4i:*« 
^13 3 4 ff 3 5^ LT3S©tC^-t6 0 ttft 
135 ttW»Afc«tt¥*ffll±. S i $#a« 3 4 ± 

$ * 3 ttS^xas 5 60 

[0 0 6 8] ftlc, £?L1CS iff 3 2-ca«$r#»l1-?> 
(H3 (d) ) o S i$«rS«flltt, #7LSS i 3 2/ 
¥ttAft£ft¥WMI 3 3/*fi»S 35/Si 3t^S« 

3 4 co* 5 4**4: 46c 

[0 0 6 9] Sfcfc, #?LKS i 3 2«r»««jc**+ 
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^yf-V^«Srffl^r, £?L^S i 3 2^ift*xy 

* Lxmm&mwi 35 + 34 ±.\mm<t ufc*sA 

3 3 

[0 0 7 0] fcSWi, WttAft^****]! 3 3 S:W 
LT^TLKS i 3 2 fcWWBTCI**-* 

5 0 

[0 0 7 1] B3 (e) **WC»b^6*»# 
B«#*£;KS. !6JftttS«3 5 + 3 4±«C*»Aft:^ 

10 4Mt»<*:ff 3 3as¥t&K, U3&»t>*&— tcWffftsnr, 

[0 0 7 2] fb*ft**»S«4: LTfflv*a»*k:i*ift 
&ff 3 5tt4<Ttftv\ 

[oo73]»i^si ¥*sas«3 nrnzvuft 

S i fc»*Lt\ »B5¥att* J fl : *T*4VMa4f3lfch/T 
i^^lili, »B5¥Sfttrfr4ofc||, HSfgl^S 
20 i ¥£AStK3 1 4: LTttfl-CSS. 

[0 0 74] [H%ffi«0y4] IH4 (a) fc^"*-* 3 

*1"!B10S i*«AWR4 lfcffi*LT, 
ffiff^*7LKfi:4 2 L N #7LSTS i 4 2±^#7L«m 
It«k*ft*»«l4 3t»)*t5 (04 (b) ) . 

[0 0 7 5] 04 (c) l^1-*pt^ ^Jt^tf 

7^»cft*Stu5*ai6ttX»S«4 4 &JMfeAft#tt 
*Wffl4 3itr«Wl4 5fe^LT*«ft-e*»4*fc 

30 ttS^SS4 4 4r*jBAIB4 3 4:ttite»ff4 5Sr^LT 
3fi@^^i-6 0 ffiftff 4 5 ftm@A^«¥»#ff 

±, *aattx#««4 4±©/>4< 

[0 0 7 6] t^H, #?L®S iff 4 3TS^$r^fii-5 
(B4 (d) ) . *Si8ttS:«pa«flJtt, #?LKS i 4 

2/*»AflS^**W#Ji4 3/^ff 4 5/ftiSBtt 

S^StS 4 4^*54**4:45. 
[0 0 7 7] ^blC, #?LKS i 4 2Sra«W^»*-f 

40 5 0 ^«**#i:»LTS i ©acyf-^^aaEoav^ 
atyf-v^«l«rfflv^T, #7LWS i 4 2^^$rfb^y 
^^^LTite»ttatE4 5+4 4±lOU(ftLfcWttA 
flS*«*W#Ji4 3 Sr»#$««t5. 
[0 0 7 8] fc«v^tt, HUtA{b«tt¥«M4 3tr« 
h y/<-4: LT^TUtS i 4 2 ^ii^^T'^*t 

5. 

[0 0 7 9] ID 4 (e) jCti, *«^t#?>ix5¥»# 

mm^ztiz. *38iSttift»ttaffi4 5 + 4 4±ic* 
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[0 0 8 0] J&@tfrtEfi4 5lift<T^&t\ 
[0 0 8 1 ] ^1 OS i 4 Hi, &g£7L« 

S i £f&£LT, *B¥fittMf*T*4iMatf»JxT 

i*filtifi4 l irltffiffltS^c 
[0 0 8 2] [H%«B«^J5] 05 (a) ^^1" £ 5 
lc, Sf»iOSi*e*i«5 1«:fflSU, -t^ffi 

mm&mmz&iLKiks 2, 531, pbo#?lks i 10 

5 2. 5 3ii:^W^¥^l5 4, 5 5«r* 
rii+S (05 (b) ) . 

[0 0 8 3] H)5 (c) ic*-TJ:5t, 2ftwX 
ftg«5 6, 5 7fc#efl***Jl5 4 > 5 5i:^ 

*ttieaa5 8, 5 9 sr^LTSflte* n 

6, 5 7tWal5 4, 5 5 l±tt»H 5 8 % 5 9$: 
#154, 5 5±, J»SS5 6, 6 7±^<H 20 

[0 0 8 4] m&nWS i!5 2, 5 3T'g&£ 

E##!1-5 (B5 (d) ) . 2tt©£«*Kfi. #7LSt 
S i /*ttii*aWtJB/lftWB/S»StE (52/54 
/5 8/5 6, *5<fct>*5 3/5 5/5 9/5 7) £>«fc 5 

[0 0 8 5] £<blc, ffi#?L«S i 5 2, 5 3 £it*Rtt 
i 5 2, 5 3 0*S:l«»fcft¥ 
xyfy^tt^S^5 8/5 6*3£tf5 9/5 7± 30 
IC»WISLfcWlf»*»#« 5 4, 5 5 *a#£«JEMc 

[0 0 8 6] fc£^fi, 5 4 , 5 5 $r?9F 

g;* h y/<— t LT#?LKS i 5 2, 5 3 SrS«, 

[0 0 8 7] 15 (e) £li, *»H 

fc2*HB»fc#rt**L6. r 5 UT»b*Lfc*iS* 

[0 0 8 8] *»^*EJB5 8, 5 9li*<tt)ftt\ 
[0 0 8 9] $^5 6, 5 7l±|R|--C4<TtA 

[0 0 9 0] SSlOS i #3SSS«5 Hi, «9#7L» 
[0 0 9 1 ] 

[SffiM 50 



(HJS0IJD 6 2 5 MmOJS^SrftofcJtffiSLO. 0 1 
Q • cm(DP^6'1'yfMl(Z) (10 0) ¥i6A 
SiS«£, HFgltCfc^tiW^of:, 

[0 0 9 2] »ffiftritft#ii«Toi:i3 9ffcofc 0 

[0 0 9 3] flISMfeffi : 5 (m A • c m" 2 ) 
HflHbdHSW: HF : H 2 O : C 2 H 5 OH=l : 1 : 
1 

MB : l 2 (5H 

i <DJ?* : 1 0 (jtm) 
P o r o s i t y : 1 5 (%) 

roas*K**BBfi , l'4 oo'c-eii^raR^Lfc. - 

©»^»cJ:?)#7LHS i 07LwrtS«iJ»K{kRt?aifcn 
fc 0 ^?LKS i ±(CCVD (ChemicalVapo 
r Depos i t ion) jfelU'J S i £ 1 ^ 

mxf^'^^glt, filcft*ftlieiToa9-Cfe 

So 

[0 0 9 4] y— : S i H 2 C 1 2 /H 2 
#*aM: : 0. 5/1 8 0 1/min 
#*JE;f) : 8 OTo r r 

*&a : 9 5 or 

J#Jc$!S : 0 . 3 m m/ m i n 

1 0 0 nraOS i 0 2 ® Lfclo 
[0 0 9 5] $S i 0 2 H»ffifcB'J£fflSLfc5 0 0 n 
mcDS i 0 2 H&flMfcLfcS i SffiO^ffii: «rfita^ 
it, SSttStffcSL 9 0 0t:»2l*IBO«i«iatU U 

[0 0 9 6] tt9£to*fc**/>oBfc#LXM*iai 

3l*«i-*lRl^»IWrL*?)5»*fcELfc«, 2o[c3l 

[0 0 9 7] -t<7)«, #?LfS i JIfc4 9%*»£ 3 0 
(1:5) T?8H*L4**6>a 

9, WSAS i Sraijxf - • * hy/^i: It, 
ICS i liJS^yf-^^^n, £±«fc££*Wc 0 
[0 0 9 8] **?LRS i 

■ mssyfy^i (&+*V^* hn-Amffi) 
li^ffl±Mmt^ 5RJf »/>T*>5. 
[0 0 9 9] -J-tebfc, s i HflsBLbK: 1 « m<£>i?^£ 

«pofc*s*s i mtmfUL-vzti. ^uns i «oi«x 
yfy^iao r t>iiM£A s i m laifa b£teiifca»o 

[0 10 0] ^iim^^^i^^r®^^^, s 
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[0101] r 5 LT, ilp°pg^^#g &fr*-s s o 

[0 10 2] mm®\2) 5 2 5 Mm<7)jI^£:#ofctt; 
&£i0. 0 1Q-cm©Pi©4>f>'fg©Sl© (1 

0 0) *3feSS iSfc HFW^I^^tMW 

[0 10 3] »»ka*#ttKT»fc*5?|-C«)ofc. 

[0104] ^ifr&g : 7 (m A • c m" 2 ) 
KMHbfttttt :HF:H 2 0:C 2 H 5 OH= 1:1: 
1 

B*IB : 1 2 (#) 

#?L1£S i <DJ£* : 1 0 (mhi) 

P o r o s i t y : 1 5 (%) 

z<o&A*mk9m%*? 4oo t CT2B#r^{LL^ D ^ 

fc, ^?LKS i JblCMB E (Molecular Be 
am Epi taxy) ftl:J:5*eSS i 4:0. 5 m 

6o 

[0 10 5] : 7 0 Or 
JE^l : 1 X l 0" 9 T o r r 
$LfkM8t : 0 . In m/ sec 

: 9 5 Ot: 
Sfiilt : 0. 3 um/m i n 

1 0 OnmOS i O^&J&jSLfc. 

[0 1 0 6] i o 2 B*ffit»JI-ffl«Ufc«»^3f 

2#l«©f|fl»l*rU W5^*3-frSr*5r>fcofc 0 
[0 10 7] B9**>*fci>3i^«>i5»c»LT*it*iRi 

S iiMlt 

[0 10 8] *<0& % #7LfCS iI^<777-KM 
£3 0%«K<bk*7kfc»S#« (1:5) TJ£#L& 
tfbmVt^vT-^rTZo VMS \ tt.=.y*>?Zfi 
1*1-81 9, i • ^ h L 

[0 10 9] ##JLKS i »**OBE3:y^^^«jC» 
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[0 110] f^btb, SKMS±l-0. 

[0 111] 3il*?-MlMI^J:dNrSi«ftoltA. S 

10 *tt3fts«»asftTv^rt*«BiSiifc. 

[0 112] XlKfll fcWIWcLT, ±*OXSSr*f9 
i&irz t \z £ «9 »fiKfc¥Wf«B*W1-a S O l g«® 

[0 113] (^0113) 6 2 5 vmnm^Zftitztt 
tetfiO. 0 10- cmOPSfcS^liNloe^yfg 

(l 0 0) i&Kfr, HFSSti:* 

[0 114] ISffi^*#»iWT^^*3l9-e$>ofc 0 
[0115] : 7 (m A ■ c m" 2 ) 

20 mmt&fe'm : HF : H 2 O : C 2 H 5 OH= 1:1: 
1 

e«:12 ( j» 

#7LSS i <0JP* : 1 0 (^m) 

P o r o s i t y : 1 5 (%) 

z(DmtiL*mm%m%L<p4 o ott-iwktfco r 

?C 0 #7L^S i iCMOCVD (MetalOrgan 
ic Chemical Vapor Deposit 
ion) jfefcj; a A s & 1 /imxf^i/t 

30 «ILfe 0 iSS*f**i^ToiiDT-fe6o 

[0116] y-*#* : TMG/A s H 3 /H 2 
tf^JEJl : 8 0 T o r r 
: 7 0 Ot: 

ir&fifr^fci^ S*$i*rfc«, 9 0 0t-l«^ 

[ 0 1 1 7 ] U 9 * MfcW 2 t [frUitc t 

40 j»JSiV «L«S i#«ffiLfc. 

[0 118] £?LgS i JltrAKeltfUH:* 

*T3- /U+tK (17ml :3g :8ml <£>Jt^) 1 1 

[0 119] ti|$£G a A s 
50 «'>"Cfc* 0 
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[0120] 1-fcfr*> % S i g«±fc 1 v m<Dm&Zft 

[0121] &®m*®miL\z£zmwmmcofems g 

[0 12 2] SBfc«2 JrRMfcLT, ±3tWXSSr»9 
#e>ixfc. io 

[0 12 3] £#S«fcLT»ffcRtt£<DS ig&£ffl 
»»R±WGaAst>lll«l^»"e# 

[0 12 4] (gffiftU) 6 2 5 um©f^«fofclt 
JgftO. Olfl- cmOPSt)5V^fiNa©5>f^g 
0>»1<& (10 0) *^SiSfe HFSSti:*5 

[0 12 5] »Wkdl*ftH:aT«>i*s9-C«>o*: 0 
[0126] Siftffi£ : 1 0 (m A • c m" 2 ) 
■WLAtttt : HF : H 2 O : C 2 H 5 OH= 1:1: 20 
1 

■MB : 2 4 ( j» 

#7L®S i OJ?* : 2 0 (fim) 

P o r o s i t y : 1 7 (%) 

r t?ffi££B£&#li^*' 4 0 0 TCT 2 BSffiJSMt tfc. r 
J: «9 #*LRS i oa©rt»ttllWMUI-C«tett 

fco ^TL'KS i ll:MBE (Molecular Be 
am Epitaxy) i£[C «t 9 ijM^H A 1 G a A s £ 
0. 5Mmx^^ri/ + ;Vj8Stfc 0 

[0 1 2 7] fiEA 1 Ga A s JB*fi&9JtCjfiftLfc<SH 30 

0 0TC-2^IB©||!k«!.a«rU <to 

[0 12 8] «9-&*>*fc*a^iai«2i:ra»CUT 
r*#?L«S i jfri^ig L £^I1X# 

[0 12 9] *<B«, #7LKS i S:»SS»«-C3iy^^ 
i/L/to **SftAlGaAsli3iy^^^$tL-f^3» 
9, ^aAlGaAs^xj/f .^^j/^TOH 

*7Lf(S i HtWfcnyf-^Stl, 40 

[0 13 0] $j|£AA 1 GaAsORxo/fy^:^ 

[0 13 1] tto*>, #7*S«±£0. 
S i (DmiR^y^^y^X-oXhm'&ikA IGaAsI 

[0132] ttm*wm*fc£zmmmM<ot&&* a 

1 Ga As8lc»i«rfc*j|Sft^teii*A$ixr*5b-f, 50 
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«2fclPI«^tT, ±»OXaS:»9 3g1-ri:^J:Ui« 

[0 13 3] (HJS0IJ5) 6 2 5 jzm(0J¥*S:#ofcifc 
figiO. 0 1 Q ■ c m^PlfcStMtNl^^SM^ 
6>fyfSOllO (10 0) I|i|MtS iSffiSr, HF 

[0 13 4] »»brtftfrttBT©i:*5D-Cfcofc. 

[0135] mm&g. : 5 (m A • c m -2 ) 
■CflSJftffiK : HF : H 2 O : C 2 H 5 OH= 1:1: 
1 

ttH : 1 2 X 2 (») 

#?LJtS i Wff^ : #1 0 (m m) 

Porosity: 15 (%) 

ros«^^#[i^4 3 4oot:T*i^^l:Lfc 0 - 

fc„ mm\C.MtfLLfr£1l?tS i ±t-CVD (Che mi 
cal Vapor Deposition) «t "9 
HUMS iHilfhl/imx^^^fiLfc. 

[0 13 6] y— : S i H 2 C 1 2 /H 2 
U*U&\0. 5/18 0 1/min 
#*EE^ : 8 0 T o r r 

: 9 5 Ot 
$L&M$L : 0 . 3 /i m/m i n 

1 0 0nm^)S i 0 2 g£^j£Lfc 0 
[0 1 3 7] »S i 0 2 JBSffifcBUfcffiKLfcS 0 0 n 
mOS i 0 2 l£7FMLfc2ft<OS 

sways* u 

[0 13 8] j|*Ml0^feSrffli^Tllt!J^*?1i:*:»>* 

w5*?LKS iS*S2St'b**b^a^ttZ»*S 

[0 13 9] *t0&, £JLjtS i Jl£4 9%&&£ 3 0 
%ffl»tok**fc*>«£* (1:5) Tf»l*Uft36«b» 

^ VMS i ^x^f • 7hy^»fitlT, #7L 
ICS i ttWfctyf-^Sft, *£fc»*S*tfc. 
[0 14 0] tt£Hns iMal^x^y^li^ 

[0141] i-3fc3b*,, S i IMkR±jC 1 m m£>J5*fc 

i ©ijRxyf^^aort*«*s i mzntobm 

[0 14 2] 3»«^Ktttt(::J:%»rS«8^«f«. S 



(11) 
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[0 14 3] (Hfig^6) 6 2 5 /»mOfW)»ofcH: 
JgfiiO. 0lQ-cmOPifc5VMiN^5^yfi 

oj&io (ioo) iiiSSiSfi^ HFSlSticfe 

[oi4 4] wm&&w\±&.T<Dk&y>x-ih<**L. 



20 



[0 14 5] 



: 7 (m A -cm 2 ) 



10 



UmttaOOBi : HF : H 2 O : C 2 H 5 OH= 1:1: 
1 

B#B : 4 {») 

#?LKS i Off* : 3 (urn) 
P o r o s i t y : 1 5 (%) 

3 0 (mA • c m" 2 ) 

HF:H 2 0:C 2 H 5 OH= 1:3: 
2 

*m : 3 (j» 20 
*JLRS i Oj?^ : 1 0 Urn) 
P o r o s i t y : 4 5 (%) 

w<0£«&«*£ISfc t l :, 4 0 0tTlB«{t:tf: o r 
fc, #7LKS i ll:CVDfe[a^^S i £0. 3 

[0 14 6] y-*#* : S i H 4 
^rtyt"^ : H 2 

: 8 5 ot 30 

BE 2) : 1 X 1 0" 2 T o r r 
J&firi&S: : 3 . 3 n m/ sec 

1 0 0 nmCOS i 0 2 ®£^J*tfc e 
[0 1 4 7] RS i 0 2 M@^iJ[:ffltlf:5 0 0 n 
m(7)Si0 2 IWlfcS ili^I^l^ 
SSttSlirfcgL 7 0 O < C-2 0#^^^m^L, K 

[0 14 8] W«l©#tfc«rJflv*-<\ lAIP^fc-tirfc^ 
*/^®Jc»trSiE*^lc+»3!tgio5IO*S:*Dx.fc 40 

i 

[0 14 9] #*UtS i Ji£HF/HN0 3 / 

CH 3 COOH^^^^^V^T^iR^^^V^i- 

[0 15 0] **7L«S imfefB^R^^f ^^»ICJt 
[0151] -ttufrh* S i ^{t:BI±(C 1 m mW^Sr 



[0152] aa«^M«ttlcJ:«Wli«fiott*, s 

[0 15 3] (H!S0!|7) 6 2 5 /imWj|^otlt 
J&gtO. 010- cmOPifc5^l4Nl0 6>f>fS 
©JBIO (1 0 0) VISAS i HF»^ 

[0 15 4] »ffi{k**«=ttWTOfcl3 0Tfeofc 0 
[0155] «««« : 5 (mA - c m~ 2 ) 

mmit^mm :HF:H20:C2H 5 OH= 1:1: 

1 

^1:12 (5M 

*7LHS i <D&& : 1 0 (/im) 

Porosity: 15 (%) 

4 o ott i Wkif: 0 r 

fc„ ^?LSS i_hKCVD (ChemicalVapo 
r Deposition) J; 9 S i £ 1 n 

So 

[0 15 6] y-*#* :SiH 2 C 1 2 /H 2 
Jtf*aEi;:0. 5/180 1/min 
#*flE;f) : 8 OT o r r 
: 9 5 0*C 

0 . 3 /z m/ m i n 

1 0 0nm£OS i 0 2 H£rff2j& Lfc 0 

[0157] sisio 2 a$tmtmcmMLfts 00n 

It 9 0 0 , C-2*IB©JR*Q ! a*rU & 

[0 15 8] *J6«l(0^ft«rffi^T, K 9 * 
*^(nm\cttLxmm*fa\z+ftte$\^m XZtott 

ics i tfamufc. 

[0 15 9] #?Lf?S iJltrWttAS i h 

[0160] 1~ti:t>h, S i HfbK±t l // mG>J?*£ 

[0 16 1] 3iitt?-MttMcJ:SK^lf««o«f* % s 

Attorn** $ n-c ^ s r t ^AiB $ titz. nmm 1 £ 
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ffl?7-3 0 2 8 8 9 
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[0 16 2] (H^J8) 6 2 5 nm©J»*$r#ofctfc 
SttO. 0 1 Q • cm©PSfc*^ttNS©6>f:<'?-1i 
CO^I^ (10 0) ¥@SS iSS^ HFJWK"ptC*J 

[0163] ffimfc&&im&T<Dt&*)x-h<itio 

[0164] : 5 (mA • c m" 2 ) 

: HF : H 2 O : C 2 H 5 OH= 1:1: 

1 

*m :i2 ») io 

£?LffS i (Off* : 1 0 (urn) 
P o r o s i t y : 1 5 (%) 
w»S«Sr»**H«*4 0 0t:Tl#B]BMbLfc. w 
oKfklw J: 0 £?Lf£ S i o?L©rtlgtt»»ftlB-eBlfc)tb 

fc 0 #7LKS i ±ICCVD (ChemicalVapo 
r Deposition) fe\Z «fc 9 S i £ 1 u 

So 

[0 16 5] y— : S i H 2 C l 2 /H 2 
^jftft:0. 5/18 0 1/min 20 
#*EE;fj : 8 OTo r r 
n& : 9 5 Ot: 

J&^jlJg : 0 . 3 m m/m i n 

1 0 0nm(DS i 0 2 l«:Mtfc. 
[0166] 5^Si0 2 &&&bW\\zmML1ZS 0 0 n 

m^s i o 2 a&jgaLfcs i mwL<Dmmt%mto&t> 

SttStffcSL 9 0 0t-2»MKU & 
[0 16 7] #7LKS i !£4 9%*»i: 3 0 

%a»bk** (1.5) T«tt^u4as6 

^SS i Sr^^ . xhy?<DWftkLX % £ 
[0 16 8] ##7LRS i l|l**©*3ty^v^*lcfc 

[0169] 1-fcfc>*>, S i »{tR±l;: 1 /i m^$: 

[0170] WH«^MflMI(cJ:fi»riB«itlott*, s 
[0 1 7 1] »lOS i*jBftS«tt3KS#7LKS iSr 50 



[0 17 2] mmm9). 5 2 5 /im*>J?*&J$ofcJfc 
IfflSO. 0 1 Q • cm(0Pifc5V>(j:NiiZ)4^yfi 
0|Sl<7> (100) WMSiSS^ HF»(^ 

[0 17 3] »»b**fl=tteiTOfc*3 9T*ofc. 

[0174] SiXeS : 7 (mA • c m" 2 ) 
RWifl^UMt : HF : H 2 O : C 2 H 5 OH= 1:1: 
1 

B#r«1 : 1 2 <») 

#*LKS i 0>J?* : 1 0 (/im) 

P o r o s i t y : 1 5 (%) 

r OSS 4 0Ot-C2^Wblfc, r 

#?LKS i ±i£MB E (Mo 1 e c u 1 a r Be 
am E p i t a x y ) <£ 9 M£la S i?r0. 5 m 

So 

[0 17 5] : 7 0 0t 
E^J : 1 X 1 0~ 9 T o r r 
/5£Jc$lli[ : 0 . In m/ sec 
taa : 9 5 0°C 
j5jc^ii^ : 0 . 3 m m/m i n 

1 0 OnmOS i O 2 JI£^J5fcL*: 0 
[0 17 6] ^Si0 2 H*ffii:j5i]^ffl*Ufc*»^3S 
**©«E WttS**:*, 4 0 0t- 

[0 17 7] £x/N*ffifc#:R.«H£*ffl*it\ £7LST 

[0 17 8] ^toa, £?LKS iltr^y77-K*i 
i:3 0%iHMk***l:©a*iB (1:5) "C«ttA/L 
fttf&aft^^^i-S. HMSIIS i lix^fy^S 

[0 17 9] *#7L«S i^BfiCRij/fy^fc 
jS) iiUffli^a-e&siiRff^-efcs, 

[0 18 0] «S»*55S«±^ 0 . 5/im» 

[0181] ai&tt : f-KttttlcJ:%Wr9*«0>tt«. S 

fttt*««i«p $ fix v * 5 r t d$Ak» 5 ftfc. 
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[0182] ^f**^/us im$t^mimz&f& 

[ 0 1 8 3 1 * 1 OS i #£££Ktt&B$?Lff S i £ 

S i JNtAXC^LrttMLfe. 
[0 18 4] (HftMlO) 6 2 5 nmG>**S:ttofc 
tbSSCO. 0 1 • cm<7)Pa*)5lMiNS!Oia5ffi«F* 

we^yfWiw (ioo) muSAs H 

[0 18 5] BW^fcrt*frttKTOl:*J9-e*>ofc. 10 
[0186] HflfeBS : 5 (m A • c nT 2 ) 

: HF : H 2 O : C 2 H 5 OH= 1:1: 

1 

mm : i2X2 <#) 

£7LKS i <7>J?^ : €-1 0 Urn) 
P o r o s i t y : 1 5 (%) 

:<t)S^^^i^4 o otT'imraikLfco r 

pTOf^jSLfc^FLKS ill:CVD (Che mi 
c a 1 Vapor Deposition) 9 20 

[0 18 7] y — Xtf* : S i H 2 C 1 2 /H 2 
#*»ftfi:0. 5/180 1/min 
: 8 OTo r r 
: 9 5 0t 

: 0 . 3 ii m/ m i n 

lOOnmOS i 0 2 i?rMl/:, 

[0188]^SiO 2 Ji&ffifcgiJfcfflflcLfcS 0 0 n 30 
mCOS i 0 2 mZMf&Ltc2ft<DS i S&O^c® 

[0 18 9] ?x^»Bt#?LK««r«aS^ £?U§ 

s i \c*&<Dm#*L*&*itti'& y aso^fe-fr^x/N 

9#?LS£S i«^«»L^x^MJ-»»$^ £JLKS 
i *s*ttitfc. 

[0 19 0] *<0«L ^?LSS i JI&4 9%»Kt 3 0 
%«Rfc***£OJB£« (1:5) -eattA/L/i^b 40 

R5, *&&S i ^yf- . ;* hy^otmt LT, # 

[0 19 1] ##7L1CS ii|l»fl©R3:yfy^|:» 

[0192] fcfc>*>, S i IMLJK±IC l /i mOU*& 



i ^Mx y fy^aott)Mis i mattobm 

[0 19 3] SiMS^ffltft^JiSBrffiaSofe*, S 

[0 19 4] atr^^V-Y/VS iff*fit4MsK&SA 

[0 1 9 5] *1 COS i#&&mtii\mS£lL9S i £ 

os iJNMKSfclTWHLfc. 
[0 19 6] (UttWll) 6 2 
JtlfflSO. 0 1 Q • c m<^ Plfo^VMlNSW 5 >f 
mom 10) (10 0) ^ASiXfi^ HFWC 

[0 19 7] llWbrt*fl=ttaT©t*3 5-e*>ofc. 

[0198] ft%«£ : 7 (m A - c m" 2 ) 
IH^kdaHS : HF : H 2 O : C 2 H 5 OH= 1:1: 
1 

BUI : 4 ($» 

#?LICS i (Dm* : 3 (/im) 
Porosity: 15 (%) 

3lfiE&S : 3 0 (mA • c m" 2 ) 

mmitf&mWL : HF : H 2 O : C 2 H 5 OH= 1:3: 

2 

B#ra : 3 (#) 

^TLSS i Off^ : 1 0 (um) 
P o r o s i t y : 4 5 (%) 

oS^tlcJz^ftfCS i OTLortSliJftS^K-eaifen 
fco #7LKS iiJCCVDfetCjitimjBfiS i«r0. 3 

[0 19 9] y-*#* : S i H 4 
=5rt!Jt^ : H 2 
IS: 85 Ot 
IE?) : 1X1 0" 2 To r r 
fifcftiSS : 3 . 3 n m/ sec 

1 0 0 nmOS i 0 2 ®S:^Ufco 
[0 2 0 0] ttS i0 2 Ji*ffi.t55"J^fflacL^5 0 0 n 
mOSi0 2 S«:«*ttSi SffiO^S t Srltfa^fr 

[0 2 0 1] »1 (fc5^lif2) OSfi(i»LT»2 

#7LKS ijBli5}WJe*^^f^1"»i8L^x/Nttr 

[0 2 0 2] tOi, ^?LJf S i 1^HF/HN0 3 / 
CH 3 COOH^^x^y^Tl^yfy^t 



(14) 
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[0203] *#7LRs i*»*©Kxyfy^«:fc 
1 1 6 = y * > ^ ft tt Sffl ± *£ffi T*£ 5 8gJ¥ «'> T* *> 5 o 

[0 2 04] 1"ft;b*>, S i mtm±lC 1 m m<Off*& 

«rofc*ftJlS i #7LKS i^iS^ 

yT-y^KJioTfc ¥IHt s i € \z ilfaj & Sflsii ft a>o 
tz a 

[0 2 0 5] ^«?HMl£J:*KB«t0>fSXI. s 10 

[0 2 0 6] xt'^^^S iiaCW^M 

[ 0 2 0 7 ] m 1 OS i m»AS«tt«e0?LftS i * 

[0 2 0 8] (S3ft«1 2) 6 2 5 ^mWH^ofc 
JMfiSiO. 0 1Q- cm(^Plfo6^llNl05^yf 
irojgio (10 0) ilK, HF»(I 

is^TMtoftfciTofc. 20 
[0 2 0 9] ii«#iiW^n^ot 6 

[0210] Kffi&Bt : 7 (m A • c m" 2 ) 

: HF : H 2 O : C 2 H 5 OH= 1:1: 

1 

*m : 4 (») 

#7L«S i <DJ£^ : 3 Um) 
P o r o s i t y : 1 5 (%) 

SStffiS : 3 0 (m A • c m" 2 ) 

HHHttfiMK : HF : H 2 O : C 2 H 5 OH= 1:3: 30 
2 

P»W : 3 (#) 

#7LKS i £>ff^ : 10 Urn) 
Porosi ty;45 (%) 
r©*««rll»#B*«4 0 0 , C"Cl*IBIWl2tfc. r 

fc. #7LKS i±»iCVDttlcJ:0*eftS i 4:0. 3 

[0 2 11] : S i H 4 40 

JJ-V-tf* : H 2 
: 8 5 Ot: 
JE^J : 1 X 1 0~ 2 T o r r 
jfcfliiLS: : 3 . 3 n m/ sec 

10 0 nmOS i 0 2 H£7iMLfco 
[0 2 1 2] g£S i 0 2 Jg&ffi£BiJf£ffiScLfc5 0 0 n 
m^S i o 2 JSSr^jftUfcS i gffitfJ^ffifc&JMa'&fr 

•J^friirSrfcrfcofc. 50 
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[0 2 13] **^«Bfc*aK*fe*fflS*, #?LH 
S i (DWl^v^rmzZ !9i«ffi^b#7Lfrs i 1£ 

[0 2 14] *JLJtS i 1&HF/HN0 3 / 

CH 3 COOH^Oiyfy^tMxj/fy^t 

[0 2 15] #£?LKS i^jSftroasjxf^^jSI^ 

5 a: y ? y ^ft ttSffl ±«ia-e * 6 HOT W'> T fe 5o 
[0216] *f ft:b*>, S i fiWkR±^ 1 ji m<Dj?^£ 
»ofc**SftS i *?LKS i (OWR^ 

[0 2 17] aa*7-MWI(£J:6llrS«l«IOtt«, S 

[0 2 18] *tr **v+/i'S i jixai(cife(bKfir»A 

L ft < T t R£*>£fttfft fe 

[02 1 9] mi<os i ¥ttAS«iiM#?Lirs i & 

[0 2 2 0] 

[0221] rfucanx-c, Mu^fe*-c**snfc» 
[0222] **fltcj:ixtf % SWSffi (*Si§ 

[0 2 2 3] ^yh, *5BW(-«tixtf, SOI^CO^S 

*«a088^^»-rs»i-t, Mftsos^ sim 

[0 2 2 4] **W^J:ixtf, ^TL^l^r^UT 
[0 2 2 5] Sfc, *«WJcJ;tu^ S^raic^TL 
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[0 2 2 6] -*-fcfr*>, *«Plfc:J:*U* Stttticgft 
£ A JB fc S v ^ttft^ft 

[0 2 2 7]$t susss (3tsi§teg^) ±^*sa io 

*¥»AJiS:»S9^ f&HWHu = 

[0 2 2 8] SOI*tt0*ttfl^iaK*fi>B 
ilKSOS^ S IMOX<0««S!9$ 
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[Hi] «W©*ttoi«feRW1-Sfc*©«*ttllr 

[0 2] *»W<0*ftwi«SrttW1-5fc«>O«««iWf 
BBBT?*>£. 

IB 5] *»Wo*So l flfcR»t5fc»©«««i 
@[2)T*£>£ 0 
[Uf©ttW] 

11 Si i|i£A£« 

12 ^TLgSil 

13 ##7LJHM£AS iff 

14 Si 

1 5 jf&^Jl 
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